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The front page Mosaic shows the spectrum of PLANEX activities. The left panel depicts various workshops and 


meetings held for motivating young minds to take up a research career in planetary sciences. The centre panel shows 


the brainstorming sessions organized to formulate future plans. The bottom and right panels portray research activities 
of PLANEX and its sponsored projects. Workshops conducted by PLANEX (represented as “WS.No”) and PLANEX 


sponsored projects (indicated with red stars) have spanned across the country as represented in the map. 


Global venturing in Planetary Exploration 
during the last decade has instigated A, 
attempts at various levels to synchronize | 
together the efforts of various space @) 4.2) ) 
agencies in order to reap maximum benefits from 
minimal expenditure. Exploring the possibilities further 
the issue commences with an article advocating focused 
international approach to planetary exploration. Also, for 
the realization of the discussed objective, appropriate 
technological development is a necessity. An article 
describing the conceptualization and development of one 
such instrument at TIFR, Mumbai, awaits reader’s 
inquisitiveness. 
It is heartening to mention that this year, PLANEX 
programme at PRL, initiated by ISRO to nurture 
Planetary Sciences research in the country, accomplished 
a decade of its services. To commemorate this 
achievement, an international meet was recently 
organized at PRL. The present issue provides a brief 
account of the same along with front page mosaic which 
also depicts the various PLANEX involvements during 
the past decade. In the subsequent issues of Vol. 2, 
attempts would be made to unfold some of the imprinted 
chapters of the “PLANEX Panorama”. A_ featured 
mission story in this issue on Chandrayaan -1 captures 
the success of planetary endeavors in the country during 
the last decade. 
In continuation to unraveling the evolution of our Solar 
System, an article on thermal evolution of planetesimals 
and asteroids from one of the PLANEX project PI’s has 
been included. Apart from the regular contents such as 
News highlights, Opportunities and the Mission updates, 
the issue presents an exciting article on the mysterious 
“Comets” in view of the upcoming 12th PLANEX 
workshop on “Exploration of Asteroids and Comets” at 
Mt. Abu, Rajasthan. 
I would also like to take this opportunity to bid farewell to 
our former editorial board colleagues Ms.Yogita, Mr. 
Diganta and Mr.S. K. Goyal. The newsletter today has 
been an outcome of their sincere efforts. We appreciate 
their contributions and hope to receive their assistance in 
future. Also, I would also like to welcome new members 
of our team Ms. Bhumi, Mr. Rishitosh and Dr Amit and 
look forward towards their precious inputs for the 
betterment of the newsletter. 

HAPPY READING 

& 

“ Wishing you a PROSPEROUS NEW YEAR - 2012” 


Neeraj Srivastava 
Editor 
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‘....2t is an excellent effort to bring out this newsletter. It 
provides new dimensions to the readers who are 
interested in the field of Planetary Science. I always feel 
happy when I read the Newsletter; if possible please 
include some technology related items.....’ 

- Prof. O.P.N. Calla 

Director, International Centre for Radio 
Science, (ICRS) Jodhpur - 342003, 
Rajasthan, India. 


‘,... Lhe Newsletter appears to me a remarkable collection 
of significant thoughts and researches related to 
Planetary Sciences. I am highly impressed with such type 
of association and humbly thankful to execute this 
program. I would appreciate encouraging the students 
and researchers of various institutions and organizations 
to share their view about space technology. I also wish in 
future this newsletter will progress more and more with 
correct direction of research....’ 
- Mr. Sandeep Shukla 
National Institute of Hydrology, 
Roorkee, Uttarakhand. 


‘..... ews of collaborations and join ventures with Indian 
Universities in the field of Space Geology / Planetary 


Sciences may be published regularly....’ 
- Mr. Syed Raza Imam Rizvi 
Department Of Geology, Sahibganj College, 
Sahibganj 816109, S K M University, Dumka. 


‘..Lhese are well documented & researched articles. 

Undoubtedly, it is very honest scientific publication which 

will have greater impact in near future in the field of 
Planetary Science in our country....’ 

- Mr. Rohan Kumar 

Indian Institute of Technology, Roorkee 


Roorkee, Uttarakhand. 


"1S @ very good initiation towards the briefing of 
scientific thoughts and achievements to encourage the 
young Scientist as well the students who are interested in 
the planetary sciences. I personally feel that the articles 
chosen are of high quality which makes me aware of 
latest scientific issues and up to date technological 
developments to achieve new scientific goals. Above all, 
the mission updates and mission story section are 
interesting sections for young generation....” 
- Mr. Dipak Panda 
Physical Research Laboratory, Ahmedabad. 
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SPICAM reveals an even wetter ancient Mars 

The fundamental importance of water vapor in the 
atmosphere is the key to understand the Hydrologic cycle 
of the Planet. Martian climate models commonly assume 
that 
supersaturated state. The understanding of vertical 
distribution of water vapor in the martian atmosphere 


atmospheric water vapor cannot exist in 


built on the theoretical studies of climate models has 
shown that there is no presence of water vapor beyond 15 
km altitude. However, recent spectroscopic investigation 
of martian atmosphere presents some contradictory 
results that water vapor in the martian atmosphere exist in 
supersaturated state. SPICAM (Spectroscopy for the 
Investigation of the Characteristics of the Atmosphere of 
Mars) instrument onboard the ESA’s Mars Express has an 
infrared channel (1-1.7 wm) dedicated to identify 
absorption features of CO, and H,O in the atmosphere 
with Inm spectral resolution. SPICAM observations 
suggested that concentration of water vapor in the martian 
atmosphere during aphelion season, at an altitude of 20- 
25 km, is as high as 20 ppmv, and is almost 10 times 
higher than the theoretical model predictions. This 
present existence of super saturation of water vapor in the 
martian atmosphere recommends refining the existing 
estimate of water vapor which has escaped upwards, 
suggesting that the ancient Mars was even wetter. 

Source: http:/www.nature.com/ngeo/journal/v4/n11/pdf/ngeo1 
310.pdf 


Yet-to-be-detected distant icy objects 

Appearance of Eris (Kuiper belt object) as Pluto’s twin, 
having a bright surface 

possibly with an atmosphere 

frozen to the — surface, 

separates itself with the idea 

that objects in the outer solar 

system become darkened by 

cosmic rays 
micrometeorite 


Dwarf planet Eris is icy 
double of Pluto 


and 
impact. 
Characterization of solar system bodies by Stellar- 
occultation technique demonstrated that Eris has a radius 
of 1,163+6 kilometers, which is smaller than its previous 
measurements of 1,200+100 km and 1,500+200 km. The 
new observations suggest that the bright surface of Eris is 


an atmosphere that is frozen to its surface. These results 
thus provide evidences for validity of the long-standing 
theory that, atmosphere of Kuiper-belt icy objects could 
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condense and again sublimate out as the object moves 
farther away from sun or come closer. These new 
observations of Kuiper-belt objects suggest that more 
detailed information is needed to be explored for the yet- 
to-be-detected planetary bodies of our solar system. 
Source:http://www.nature.com/nature/journal/v478/n7370/pdf/ 
478464a.pdf 


Titan, the third known planetary body with evaporitic 
processes, after Earth and Mars 

Observations from 

CASSINI Visual and 

Infrared Mapping 

Spectrometer (VIMS) 

in conjunction with 

CASSINI RADAR 

on the Saturn’s moon 

Titan recently have 


discovered that a 


sea Ligeia Mare on Titan, having 
evaporite deposits, wetted 
sediments, open lakes etc. 


solvent mixture other 
than 
responsible to form 

evaporites on its surface. Titan is also the third planetary 


water 1S 


body after Earth and Mars, on which there are evidences 
of organic sedimentary deposits near its North Pole. 
Evaporites on planetary surface form when the liquid 
solvent evaporates and dissolved chemical solids 
precipitate out of the saturated solution, indicating a 
dynamic hydrological system. Near infrared temporal 
imaging along with RADAR observation of south-polar 
lake Ontario Lacus revealed that the lake is drying, and 
the lake desiccation process drives the formation of 
evaporite deposits in the floors of dry lakebeds. 
Composition of such evaporites probably indicates that 
solvent is different from water. However, the exact 
candidate for the formation of such organic evaporite has 
not yet been determined, though a part of it must be a 
compound of both the highly soluble methane in Titan 
conditions and the 4.92 um absorption features. 
Source:http://dx.doi.org/10.1016/j.icarus.2011.08.022 


Detection of a transiting circumbinary planet 
resembling Saturn 

Photometric data from NASA’s Kepler Spacecraft 
recently discovered the existence of a transiting 
circumbinary planet around a binary star system. The 
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planet’s motion is on a nearly circular orbit of 229-day 
around its parent stars, a pair of low-mass stars. The 
planet resembles Saturn in terms of mass and size and 
differs with a higher mean density (0.964 g cm”) than 
density of Saturn (0.687 g cm”). This variance is 
interpreted as a greater degree of enrichment of heavy 
elements in the circumbinary planet than that in Saturn. 


The planetary orbit is aligned with stellar orbit at + 0.4’. 
The planet’s orbital eccentricity reaches a maximum of 
about 0.9 and its line-of-sight orbital inclination changes 
within 0.2°. The planet’s current equilibrium temperature 
is between 170 - 200 K, and an average bond-albedo 
between 0.2-0.5 (~0.34 in Saturn), averaged over several 
orbits. The pair of stars is also interesting to have further 
investigation, as their mass ratio of 0.29 is among the 
smallest known for binaries involving fully convective 
stars at the low-mass end of the main sequence. With this 
discovery, Kepler-16 probably offers better opportunity 
for exoplanetary and stellar astrophysical investigations. 
Source:http://www.sciencemag.org/content/333/6049/1602. full 
-html 


Herschel finds cool water vapor in disk of nearby 
young star 

Icy bodies may have delivered the oceans to the earth, yet 
little is known about water in icy regions of extra-solar 
planet forming disks. In planet forming disks the water 
vapor has been detected in hot 
inner region (>250K) but the 
Heterodyne instrument for the 
far-infrared (HIFI) on board 
the Herschel Space 
observatory has detected cold 
water vapor disk around 
young star TY Hydrae. TY 
Hydrae located around 176 


Figure shows the water 
vapor detected in 
protoplanetary disk near 
the young star 


light-years away from the 

Earth is 0.6M (solar mass), 10million years older, smaller 
and cooler than the Sun. Its 196-AU radius disk is closest 
Protoplanetary disk to Earth with strong gas emission 
lines. The disk’s mass has been estimated at 2x10~ to 
6x10~ in dust and 4x10° for gas using different tracers 
and assumptions. The reservoir of water ice in 
protoplanetary disk is sufficient to fill thousands of earth 
oceans. Ultraviolet radiation streaming from TY Hydrae 


and surrounding stars desorbs a small fraction of water 
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ice molecules back into gas phase, suggesting that cold 
water vapor exists throughout the disk. The simulations 
have been done by Hogerheijde and his team by 


considering the low dust mass of 1.9x10~ and gas to dust 


ratio of 100. Astronomers believe that over few million 
years of time the disk material will collide and form into 
planet, asteroids or comets. 
Source:http:/;www.nasa.gov/mission_pages/herschel/news/her 
schel20111020.html 
http://www.sciencemag.org/content/334/6054/338. full 


Ozone layer is detected at the night-side of Venus 

The Ozone layer has been detected in atmosphere of 
Earth and Mars till date, but for the first time Ozone layer 
has been detected on the night-side of Venus by 
spectroscopic observation to its atmosphere using 
Spectroscopy for Investigation of Characteristics of the 
Atmosphere of Venus (SPICAV) instrument on board to 
the Venus Express spacecraft. The thick sulfuric acid 
clouds make it difficult to probe Venus atmosphere below 
60 km, except few infrared window. As Ozone absorbs in 
the spectral range of 200-300 nm (Hartly Band), the 
ultraviolet part of SPICAV has been made to probe 110- 
320 nm range with 1.5 nm spatial resolution. This Ozone 
layer, located in the thermosphere at a mean altitude of 
100 km, is vertically confined and variable horizontally. 
Despite the total atmosphere density of Venus is similar 
to Earth’s stratosphere; the Ozone has not been detected 
above the clouds show that it is less abundant than Earth. 
The formation of Ozone depends on the oxygen atoms 
and molecules. At the day-side sun light breaks CO, and 
releases oxygen molecules, which are adverted by the 
sub-solar to anti-solar thermospheric circulation. At the 
night-side molecules combine to make O, and sometimes 
O3. 
Source:http://www.sciencedaily.com/releases/2011/10/111006 
085328.htm 


Asteroid 21 Lutetia: A remnant planetesimal? 

Asteroid 21 Lutetia, discovered in 1852, is among one of 
the mysterious main belt asteroids. The bulk density of an 
asteroid is important parameter to reveal its 
composition and origin in the solar system. ESA’s 


Rosetta spacecraft experienced a flyby from this asteroid 


an. 


on July 10, 2010. The flyby distance reported was 


3168+7.5 km, and the relative velocity during flyby was 
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14.99 km/s. Adaptive optics in ground observations along 
with OSIRIS (Optical, Spectroscopic and Infrared 

Remote Imaging System) camera has been used for the 
purpose of modeling the global shape. The bulk density is 
found to be (3.4+0.3) x 10° kg/m’, which is the highest 
among the bulk densities found in asteroids. This 
concludes that Asteroid 21 Lutetia has a nonchondritic 


bulk composition, indicating presence of high abundance 
of heavy elements like Iron. It is also possible that this 
asteroid might have formed like other similar planets in 
the solar system with a metal core. OSIRIS images 
revealed conspicuous age differences (3.6 billion years to 
50-80 million years), based on the smoothness of surface. 
The surface of Lutetia appears to be dense, yet relatively 
porous. These findings indicate that Lutetia may have a 
molten core underneath its fractured crust. 

Source: http:/www.sciencemag.org/content/334/6055/491.full 
http://www.esa.int/esaCP/SEMG93HURTG_index_0.html 


First-ever Observation of a Comet from Space 
On 21" December, 2011, during the night-time, a most 


amazing observation of Comet Lovejoy was made by 
International Space Station commander Dan Burbank. 
The spectacular imageries 
of Comet Lovejoy (C/2011 
W3) were captured during 
the flight over Tasmania. 
The entire sky was then 
lightning due to _ the 
View of Comet Lovejoy from Paucar ae South 
International Space Station : 
Pacific over the 
Philippines, and the Earth’s limb was lit up with a sliver 
of blue and purple. A long green glowing arc, extending 
not more than 10° from the horizon of Earth was observed 
ending up being a comet. This comet had passed over 
almost 140,000 km from the surface of sun. Lovejoy was 
earlier discovered on 27" November, 2011 by an amateur 
astronomer Terry Lovejoy. These imageries are 
incorporated together and a movie has been prepared to 
experience the first-ever view of a comet from the 
International Space Station. 
Source: http://www.nasa.gov/multimedia/videogallery/index.ht 
ml?media_id=125774121 
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Kuiper comets enriched Earth with water. Link: 


http://www.nature.com/nature/journal/v478/n7368/p 
df/nature10519.pdf 


MESSENGER reveals presence of ice on Mercury. 
Link:http://www.nasa.gov/mission_pages/messenger 
/main/index.html 


NASA’s new ___ discoveries __about__ Pulsars. 
Link:http://www.nasa.gov/home/hqnews/201 1/oct/H 
Q_ M11-223 Fermi Telecon.html 


Antarctic Ozone hole. 


Link:http://www.nasa.gov/home/hqnews/201 1/oct/H 
Q_ 11-357 Ozonehole 2011.html 


Cosmic source of Earth’s water 


Link:http://www.nasa.gov/home/hqnews/201 1/oct/H 
Q_ 11-338 Herschel Comet Water.html 


Cassini flew-by Enceladus. 


Link:http://www.nasa.gov/mission_pages/cassini/wh 


ycassini/cassini20111103.html 


Images of a large asteroid 2005-YU55 captured. 


Link:http://www.nasa.gov/mission_pages/asteroids/n 
ews/yu55-20111107.html 


Mars Express reveals a large extinct volcano. 


Link:http://www.sciencedaily.com/releases/2011/11/ 
111108212639.htm 


Earth size planets discovered beyond solar system. 
Link:http://www.nasa.gov/mission pages/kepler/ne 
ws/kepler-20-system.html 


PLANET in habitable zone of Sun like star 
discovered by Kepler. 
Link:http://www.nasa.gov/mission_pages/kepler/ne 
ws/kepscicon-briefing. html 


Mars science laboratory launched successfully with 
most advanced rover to mars on 26 November 
2011. 

Link: http://www.nasa.gov/msl 
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Planetary Exploration: What next? 


This year we commemorate a decade of Planetary 
Sciences and Exploration Programme, which was 
initiated in 2001 at Physical Research Laboratory to 
provide a platform for Planetary Exploration in India, 
specifically to meet the challenges of Chandrayaan-1 
mission. It is also the Golden Jubilee year of the first 
human flight around the world by Yuri Gagarin in 1961. 
At this point it is appropriate to review 
accomplishments of these exciting years of 
expanding horizons of planetary exploration 


ever 


and prepare for missions planned in the near 
future. 


Planetary Exploration began in a big way with 
the six Apollo and three Luna missions to 
Moon in quick succession during seven years 
(1969-1976) following Apollo 11. The two 
types of missions represented highest degree of 
technical achievement in both human and 
robotic exploration. After a relative lull for 
about two decades, planetary exploration 
picked up again and the first decade of this 
century marks many achievements which 
expanded our knowledge to the farthest 
reaches of the solar system and beyond. All the 
planets and most of the satellites and rings of 
the solar system, and some comets and 
asteroids have been examined, photographed, 
and studied from a close distance using 
sophisticated instruments. Robotics has been 
developed to a high degree of perfection so 
that samples of comets, asteroids and even 
particles from the sun have been brought 
back to earth for a detailed laboratory study. In all the 
three aspects, i.e. remote sensing of planetary bodies, 
exploration on the planet’s surfaces (by landing 
instruments or well equipped rovers, by impacting and 
digging their surfaces) and laboratory studies of the 
returned samples, major scientific breakthroughs were 
accomplished. 


To recount some of the major achievements of the past 
decade, the Genesis mission brought back the first solar 
wind sample in 2004, Hayabusa brought back the first 
asteroid samples of Itokawa in 2010 and Stardust mission 


brought back the first comet sample from Wild 2 in 2006. 
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The study of these small but scientifically precious 
samples led to a deep insight into the way these bodies 
formed and conditions prevailing in the infant solar 
nebula. For example the solar particles caught by the 
silicon wafers on Genesis showed that the Sun has a 
higher proportion of oxygen-16 than the Earth. This 
implies that oxygen-16 from the Sun's protoplanetary disc 
was depleted prior to the coalescence of dust grains that 
formed the Earth. Itokawa and Eros both were found to 
be S type asteroids whose composition match low iron 
group stony meteorites. Dust collected from the surface 


| mag: courtesy: SFO 


Figure 1: Important accomplished missions in past 


of Itokawa was found to be young, exposed only for 
about eight million years, a period much shorter than the 
formation age of the asteroid, implying thereby that 
probably it was originally a part of a larger asteroid and 
broke off recently. Earlier Galileo mission had found 
binary asteroids, a small moonlet Dactyl going around the 
asteroid Ida. The DEEP IMPACT Mission impacted on 
comet TEMPEL in 2005 and thousands of kilograms of 
dust and water was ejected due to this impact. Its analysis 
showed clays, carbonates, sodium and silicate grains and 
also traces of ethane. There was more dust and less ice 
than expected, ruling out “the loose dust” model of 
cometary surfaces. The crater so created became obscure 
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due to the ejected dust and was photographed later in 
2007 by another mission, the extended Stardust Mission. 


Stardust encountered the comet Wild 2 in 2004 and 
brought back its sample to the earth. High temperature 
minerals like anorthite, calcic pyroxene, spinel and AI-Si 
grain named COKI , 


rich glass were found ina 


Figure 2: Missions still active with lots of promises 


indicating that comets like Wild -2 were not formed in 
isolation but high temperature material from the inner 
solar system, close to the sun, got transferred to the far 
away comet forming regions. Absence of a short lived 
radioisotope Al-26 showed that such a transfer took about 
~2 million years, during which this radioisotope had 
decayed. This calls for a revision of the models of 
exchange of material in the infant solar nebula and 
formation of comets. An organic compound glycine was 
also discovered in this comet. Thus important pieces of 
information were obtained by these missions. Remote 
sensing studies of planets were carried out by orbiters 
around several planets which included Mercury, Venus 
and the outer planets. Messenger which was launched in 
2004 arrived on Mercury in 2011 and has already started 
sending good data which suggest that Mercury was 
formed in a highly reducing environment. Venus 
Express, |aunched by European Space Agency in 2005, 
was captured ina polar orbit around it in 2006 and has 
been sending data about Venusian atmosphere all along. 
The Cassini-Huygens launched in 1997, explored the 
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outer planets and made many discoveries related to 
Saturn and Titan. It discovered 3 new moons of Saturn, 
subsurface water on Phoebe as it flew past this satellite, 
and water on Enceladus. Huygens probe which landed on 
Titan in 2005 discovered large hydrocarbon (ethane and 
methane) lakes, hundreds of kilometer in size. NEW 
HORIZON was the first Pluto-Charon and KBO (Kuiper 
Belt Objects) Flyby mission. Dawn mission, 
launched in 2007, has already orbited asteroid 
Vesta and will soon orbit Ceres, making a 
detailed study by remote sensing techniques. 
A major breakthrough was attained with 
discovery of over 1000 exoplanets outside 
our solar system, some of which may be like 


our earth. 
Mars was the center of exploration by 
National Aeronautics and Space 


Administration, USA and the twin rovers 
Spirit and Opportunity roamed over the 
martian surface for many years, finding Blue 
berry like spherules, vugs, and sedimentary 
minerals e.g. sulfate, Jarosite and hematite, 
as if salty sea shore existed there. The 
also. provided = atmospheric 
profile. The latest addition to 
the large number of missions is the Mars 

Science Laboratory with a highly advanced rover 


mission 
temperature 


Curiosity, which was launched only a few weeks ago. 


Moon continued to be the prime target for exploration 
and Japan (JAXA) with Selene (Kaguya), China (CSA) 
with Change’-1 and 2 and India (Indian Space Research 
organization) with Chandrayaan-I became new members 
of the space club. Thus during the decade , together with 
NASA, ESA and Russian Space Agency, there are now 
six space faring agencies with over 20 nations 
participating in one way or the other. A welcome 
development has been a shift from competition to 
bilateral and multilateral cooperation in space missions. 
One of the significant findings of the past decade is the 
discovery of water everywhere in the solar system. Now 
we know that poles and even some deep craters on 
Mercury, polar regions of Moon, and as Chandrayaan-1 
and Lunar Reconnaissance Orbiter found out, 
environmental, surficial and subsurface water may exist 
on Moon. Many missions have found evidence of 
flowing water channels on Mars and sediment deposits 
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bearing testimony to abundant water on this planet in the 
past and even now in form of ice. The possibility that 
volcanic episodes and some large impacts from the 
nearby asteroidal belt can dig out sub surface water and 
create a temporary atmosphere for thousands of years, 
when life can survive, have revived our interest in finding 
some extinct or extant life there. Several asteroids (e.g. 
Eros) and many types of meteorites, originating in 
various asteroids, have shown presence of water or 
hydrated minerals. Among the satellites, Europa, 
Ganymede, Callisto have ice on their surfaces and may 
even have subsurface saline water oceans. As already 
mentioned active geysers have been found on the 
saturnian moon Enceladus. Many other satellites or minor 
planets e.g. Titania, Oberon, Pluto, Triton and Rhea are 
all good candidates for water and water can as well exist 
in some atmospheric layers of Jupiter, Neptune and 
Uranus. Adding to this long list is the hope that many 
earth- like planets may exist outside the solar system. The 
Kepler mission found the planet Kepler 22b which has 
habitable environment and many more such exoplanets 
may exist. 


Even with this brief and selective summary, it is apparent 
that the past decade has been an exciting period for 
planetary exploration. The present decade with Jupiter- 
Uranus- Neptune orbiter, JUNO already launched in 
2011, Two lunar probes GRAIL and LADEE scheduled 
for 2012, a mission to study Martian Atmosphere and 
volatile evolution MAVEN, to be followed by Exomars 
for Mars landing and subsurface study in 2016, an 
ambitious Mercury probe Bepi Colombo, two asteroid 
lander and sample return missions Hayabusa-2 and 
OSIRIS REX and EPOXT for comet Hartley-2 encounter 
looks even more exciting. To this ambitious program we 
may add some more moon landers e.g. Chang’e-3, 
MOON NEXT, Russian robotic moon mission LUNNYJ 
POLIGON, Jupiter Icy Moon explorer, Titan-Saturn 
System mission and asteroid and Moon manned missions 
in another one or two decades. 


The question naturally arises whether this incremental 
progress is the best we can do in the near future or we 
should go for a quantum jump. Can we not perfect the 
robotic lunar sample return mission, which the USSR 
carried out about half a century ago by _ their Luna 
missions and scale up this technology for a Mars sample 


return mission. Such missions are not very expensive and 
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may give a big boost to planetary exploration program. A 
sample return mission has enormous advantages over a 
remote sensing orbiter or a landing mission since trace 
element analysis, isotopic analysis and dating can only be 
carried out in laboratory. It is unlikely that these 
experimental techniques can be performed by robots in 
the foreseeable future. We have to bear in mind that a 
sample return mission is worth much more than all the 
other missions combined. A force of six space agencies 
and many more joining in the near future, if they can pool 
their resources and join hands can truly accomplish much 
more than is envisaged now. 


When Apollo missions went to Moon it was predicted 
This 
was an unrealistic expectation, but personally, I had 
hoped that the Russian robotic sample return missions 


that in two decades or so man will land on Mars. 


will bring back samples from a hundred unexplored 
locations of moon (like polar regions or the far side) by 
now which will help us resolve some of the outstanding 
problems of the Earth-Moon system. But even today 
moon or mars sample return missions remain a distant 
dream. It seems that what we could do half a century ago 
cannot be easily repeated any more. 


In Indian context, its maiden moon _ mission 
Chandrayaan-1 did a good job by any measure but was 
cut short after nine months of successful operation, 
because of some communication problems. Three days 
after this mission was declared over, I had proposed that 
another similar mission Chandrayaan-1 A should be sent 
to finish the unfinished task. The idea was that a spare 
model of each payload will be readily available or can be 
built in a short time. This would enable us to complete 
global mapping with all the instruments and rectify some 
of the problems encountered by Chandrayaan-1 mission. 


It still remains a good choice in my opinion. 


In the light of the above discussion, I would strongly 
appeal for a robotic sample return mission to Moon and 
Mars by global cooperation and a supplement mission to 
Chandrayaan-1 by ISRO. 


Narendra Bhandari 

Physical Research Laboratory 
Ahmedabad 

E-Mail: nnbhandari@yahoo.com 
Contact: +91-(0)9824077890 (Mobile) 
+9 1-(0)79-263 14266 (Office) 


Back to Contents 


Thermal evolution of the Planetesimals and 
Asteroids in the Early solar system. 


Origin of the solar system: Our solar system formed 
around 4.56 billion years ago as a consequence of the 
gravitational collapse of an interstellar molecular cloud 
core (Taylor 2001). The presolar molecular cloud core 
collapsed to form the protosun at the center that was 
surrounded by a disc of gas and dust, commonly referred 
as the solar nebula. The condensation from the cooling 
solar nebula led to the accumulation of micron to 
centimeter sized grains in the mid plane of the nebula. 
These grains coagulated to form bigger rocky boulders 
that further underwent accretion growth on account of 
gravitational interactions to result in the formation of 
planetesimals, the building blocks of planets. Except for 
the region within the present asteroid belt, the 
planetesimals elsewhere in the inner solar system 
eventually accreted to form the terrestrial planets, while 
some of them were lost by the gravitational perturbations 
of the growing planets to the outer solar system. 


The the 
radioactive decay of several unstable isotopes indicate 


various chronological studies based on 
that the formation of the planetesimals commenced 
within the initial couple of million years, whereas, the 
terrestrial planets accreted over the initial tens of million 
years. The present asteroids represent some of the 
survived planetesimals that could not accrete to form a 
substantial sized planet. These planetesimals (or 
asteroids) are important to understand the various 
physical and chemical processes that operated during the 
formation and the early evolution of the solar system 
prior to the planetary formation episode. The gravitational 
perturbations of Jupiter occasionally trigger collisions 
among some of these asteroids. Some of the collision 
debris produced from these asteroids eventually falls on 
Earth as meteorites, thereby, bringing in invaluable 
samples from the epoch of the formation of the solar 
system for laboratory studies. 


Solar nebular and planetary processes: Based on the 
chemical, isotopic, mineralogical and petrographic 
studies performed in laboratories, the meteorites reveal 
the pervasiveness of wide-range of physico-chemical 
processes that operated in the early solar system during 


the formation of the meteoritic phases and their parent 
bodies (Dodd 1981; Taylor 2001). These processes can be 
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broadly divided into the solar nebular and the planetary 
processes. The solar nebular processes deal with the 
condensation and the primary alteration(s) of the various 
meteoritic phases in distinct chemical and isotopic 
reservoirs of the solar nebula that varied in terms of 
temperature, and the partial pressures. (Taylor 2001). The 
accretion and subsequent consolidation of the various 
meteoritic phases along with the matrix material resulted 
in the formation of planetestmals of distinct 
compositions. The extent of planetary processes 
experienced by the meteorite parent bodies subsequent to 
their accretion essentially depended upon the amount of 
heat production and the ice to dust mass fraction of the 
planetesimals (Dodd 1981). The various planetary 
processes experienced by the 
schematically presented in Fig. 1. The diversity in the 
nebular and the planetary processes produced the 


planetesimals are 


observed wide range of meteorites that are classified 
based on the presence of various minerals (Dodd 1981). 
The meteoritic classification aims at demarcating the 
generic nature of the planetary processes that resulted in 
the formation and evolution of the meteorite parent 
bodies of a specific class. Based on the analogy drawn 
from the terrestrial processes operating on the planet 
Earth, we have broadly divided the planetary processes 
into three categories. This includes thermal 
metamorphism, igneous processes and aqueous alteration 
in meteorite parent bodies. The detailed mineralogical 
and petrographic studies of the various meteorites 
indicate that in certain cases thermal processing resulted 
in the large scale melting and the planetary differentiation 
of planetesimals (asteroids) into iron-cores with rocky- 
mantles (Taylor et al. 1993; McCoy et al. 2006), whereas, 
in some cases this resulted in thermal metamorphism of 
different magnitudes (Huss et al. 2006). In several cases, 
the parent bodies of meteorites are considered to have 
undergone aqueous alterations with distinct amount of ice 
to rock mass fractions (Brearley 2003, 2006). 


Thermal metamorphism: The parent bodies of some 
meteorites were heated to temperatures that were not 
sufficient for the melting of the planetesimals but 
produced a wide range of thermal metamorphism at 
different temperatures (Huss et al. 2006). Thermal 
metamorphism result in crystallization of glass, the 
coursing of the size of the pre-existing mineral crystals, 
the elemental diffusion of minor and trace elements 
among different adjoining minerals. The degree of 
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metamorphism is indicated on the basis of change in the 
state of existing rock in terms of its texture, mineralogy, 
the growth of crystals from glass, re-crystallization, the 
degree of chemical homogenization among different 
adjacent minerals, etc (Dodd 1981). Based on the distinct 
levels of thermal metamorphism, the meteorites have 
been broadly classified into different petrographic grades 
from 3 to 7 (Fig. 1), in the order of increasing levels of 
metamorphism. The basic ingredients of the asteroids 
prior to thermal metamorphism were mostly olivine, 
pyroxene, metallic Fe-Ni and trolite (FeS) in terms of 
minerals. Subsequent to metamorphism, the different 
the 
chemical equilibrium and the grain sizes of fine-grained 
The chondrule glass _ basically 
decomposed to feldspar and_ silicates. The 
crystallization in the case of high metamorphic grades 


mineral grains, specifically, silicates attained 


matrix coarsen. 
re- 


resulted in obliteration of the outlines of chondrules. 


Aqueous alteration: Ice is considered to be an important 
nebular condensate at temperatures less than ~200 K, 
beyond the ‘frost’ line in the solar nebula (Taylor 2001). 
The parent bodies of some of the carbonaceous chondrites 
accreted significant amount of ice along with rocky 
contents during their formation in the solar nebula (Dodd 
1981). 


Thermal processes of Asteroids and Planetesimals 


Planeta: 


| 
Thermally processed meteorites 


processes 


Thermal metamorphism 


600 700750 


Ureilites 
Angrites 
Eucrites (HED) 


Mesosiderites 


950 °C Diogenites (HED) Pallasites 


Acapulcoites 


Figure 1. The diverse thermal processes that operated within 
the planetesimals (asteroids) in the early solar system 
produced the observed diversity in meteorites. 


The aqueous alteration (Fig. 1) in these planetesimals 
resulting from the planetary scale melting of ice 
transformed the anhydrous silicates (olivine, pyroxene, 
etc) to assemblages of hydrated minerals (Brearley 2003, 
2006). This process can be considered as an incorporation 
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of the hydroxyl ion in the pre-existing mineral 
assemblages by a series of chemical reactions that 
involves interaction of the mineral with water. It also 
resulted in the growth of secondary sulfides, sulfates, 
magnetite, carbonates, and the in situ development of 
complex organic compounds. Among all the 
carbonaceous chondrites, the CI chondrites experienced 
the most severe aqueous alteration. Some of the 
carbonaceous chondrites, e.g., the CO, CV chondrites, 
experienced thermal metamorphism of different grades, 
whereas, in certain cases, e.g., the CH chondrites, the 
meteorite parent bodies escaped both thermal 
metamorphism as well as aqueous alteration. Some of the 
meteorites belonging to the class of CH chondrites are 
considered to be the most pristine among the meteorite 
collection. These meteorites can be considered as the 
assembly of primary nebular condensates. 


Igneous processes:A wide range of igneous processes 
prevailed in some of the meteorite parent bodies in the 
early solar system (Taylor et al. 1993; McCoy et al.2006). 
These processes resulted in distinct amounts of melting of 
the asteroids due to heating (Fig. 1). The melting was 
presumably the least in the case of a specific class of 
meteorites known as Acapulcoites, where the partial 
melting was low enough and the melt did not segregate 
from the un-melted rock. As a result the Acapulcoite 
meteorites have chondritic composition with achondritic 
texture that suggests partial melting. On the contrary, 
severe amount of melting of asteroids resulted in the 
planetary differentiation into iron core with silicate 
mantle. During the planetary scale melting, the metallic 
Fe-Ni along with trolite (FeS) segregates from silicate, 
and due to its higher density (~7,800 kg m®) compared to 
the bulk silicate (~3,500 kg m?), it moved towards the 
center of the asteroid and forms iron core. The replaced 
and the buoyant silicate formed the mantle. The iron 
meteorites represent the fragments of the iron core 
produced by differentiation, whereas, the stony-iron 
meteorites, specifically, the pallasites (olivine crystals 
embedded in Fe-Ni), represent the iron core and silicate 
mantle interaction zone (Fig. 1). 


Subsequent to the major planetary scale differentiation of 
planetesimals into iron core and silicate mantle, the 
varied amount of partial melting of silicate minerals 
(olivine, pyroxene and plagioclase) in the mantle, 
followed by extrusion of the partial melts as basaltic 
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volcanism segregated these minerals leading to the 
formation of plagioclase-pyroxene curst with residual 
olivine-pyroxene mantle (Sahijpal et al. 2007). Some of 
the achondrites, e.g., the meteorite class Angrites, etc. are 
considered to have formed by this partial melt scenario. 
Alternatively, the re-crystallization of the cooling silicate 
magma ocean resulted in the residual melts that erupted 
to the planetesimals surfaces as basaltic volcanism (Gupta 
and Sahijpal 2010). The HED (Howardite-Eucrite- 
Diogenite) class of meteorites are considered to be 
representative of crustal or near crustal material derived 
from the differentiated asteroid Vesta 4 that were 
probably produced by the extrusion of the residual melts 
of the cooling magma ocean. In the case of partial 
melting in small asteroids (< 100 km) with smaller escape 
velocities (< 100 m/s), the volatile rich basaltic magma 
could have resulted in explosive volcanism (pyroclastic 
volcanism), thereby, resulting in the ejection of magma in 
the form of droplets into space (Taylor et al. 1993). The 
Lodranites and Ureilites class of meteorites, mostly 
composed of olivine and pyroxene, are produced by 
either the residues of low degree of partial melting, or the 
re-crystallization of cooling Magma Ocean. 


Heat sources for the thermal processing of asteroids: 
Based on the isotopic systematics of both short-lived 
radionuclei with half-lives less than ~10 million years, 
e.8., 2Al, @Mn, ‘Pd, ‘HE and She long-lived 


: : 238 
radionuclei >> 


U with half-lives around billion years, of 
the various thermally processed meteorites, there is 
substantial evidence that the thermal processing occurred 
very early in the solar system over timescales of 10 
million years (Sahijpal et al. 2007). The planetary 
differentiation of asteroids initiated perhaps over the 
initial couple of million years and continued for the initial 
10 million years of the formation of the solar system. 
Based on the radioactivity of '*’Hf in iron meteorites in 
the early solar system, the iron core differentiation 
initiated within the initial few million years. The 
radioactivity of *°Aland *Mn prevailing in the early solar 
system in the basaltic meteorites, eucrites and angrites, 
suggest that the crust-mantle differentiation of asteroids 
(planetesimals) occurred within the initial few million 
years. The identical set of chronological records based on 
radioactivity prevailing in the early solar system indicates 
that the thermal metamorphism and aqueous alteration in 
the meteorite parent bodies occurred over the timescale of 


10 million years. Further, the cooling timescales of ~10- 
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100 million years, inferred on the basis of mineralogical 
and isotopic studies of meteorites indicate that their 
thermal processing occurred mostly in the parent bodies 
that were of the dimensions of ~10-100 km. 


An asteroid would require a typical thermal energy of ~1 
million Joules per kilogram to attain the temperature for 
melting, and an additional ~0.7 million Joules per 
kilogram thermal energy for phase transition from solid to 
melt state. Hence, the early thermal processing of 
planetesimals required a robust heat source that provided 
enough energy for the thermal processing of 
planetesimals over a short temporal interval of perhaps 
few million years. The conventional heat sources of the 
terrestrial planets, e.g., the gravitational accretion and the 
impact kinetic energies associated with the accretion of 
planets, the long-lived radioactive heating due to **°?**U, 
“K and *’Th, will not be adequate for the thermal 
processing of asteroids. The radiogenic decay energies of 
the two short-lived nuclide *°Al (Urey 1955) and “Fe 
have been proposed as the plausible heat source. The two 
short-lived nuclides have the decay energies of 3.16 and 3 
MeV, respectively. The widespread presence of these 
radionuclides in the early solar system could have 
provided the heat for the thermal processing of 
planetesimals over the initial few million years. The 
observed average abundances of *°Al and “Fe in 
meteorites would generate a power of ~2.2x 10° Watts per 
kilogram and ~2.5x10* Watts per kilogram, respectively, 
in an asteroid that has accreted from the pristine solar 
nebula condensates (Sahijpal et al. 2007). The thermal 
energy would be adequate enough to raise the 
temperature of the asteroid to its melting, and further 
provide the thermal energies of ~0.3 million Joules per 
kilogram and ~0.4 million Joules per kilogram for the 
melting of metallic Fe-Ni and silicate, respectively. 


Thermal modelling of the planetesimals and asteroids: 
The main objective of developing detailed numerical 
thermal models for the asteroids is to understand the 
origin and the evolution of the various meteorite parent 
bodies in a realistic manner. The thermal models provide 
detailed insight into the processes that led to the planetary 
differentiation, aqueous alteration and thermal 
metamorphism of various asteroids. Further, the thermal 
models provide a tool to parametrically study the thermal 
evolution dependence on the various parameters, e.g., the 
onset time of the planetesimal accretion, the accretion rate 
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of the planetesimal, the size of the planetesimal (20-270 
km) and the (Fe/*Fe initial ratio (Sahijpal et al. 2007; 
Gupta and Sahijpal 2010; Sahijpal and Gupta 2011). 


The numerical modelling of the thermal evolution of 
asteroid essentially involves solving the heat conduction 
partial differential equation for a spherically symmetric 
planetesimal with uniformly distributed “Al and “Fe 
(Sahijpal et al. 2007). The simulation could be performed 
by using the finite difference method, whereby, the partial 
differential equation is converted into a difference 
equation using the Taylor series expansion. The various 


processes involving the planetary differentiation (Sahijpal 
et al. 2007; Gupta and Sahijpal 2010) and aqueous 


Un-sintered accretion of 
Rock + Ice (250-273 K) 


ei Ice melting (273 K) 


Ej Vaporization of water (373 K) 


3 Sintering (~ 700 K) 
HE vee 


Melting of ice 


Lineargrowth of the planetesimal 


Ca-Al-rich inclusions 


Figure 2. The algorithm of the simulations associated with 
the aqueous alteration and thermal metamorphism of 
asteroids. The accretion of the unconsolidated planetesimal 
initiates at a specific instant after the condensation of 
Calcium-Aluminium-rich inclusion (some of the first solar 
system condensates). The initial planetesimal is assumed to 
be porous (un-sintered) due to the presence of voids in the 
accreted material that essentially coagulated in the solar 
nebula. The radionuclides °Al and “Fe provides the heat 
for thermal processing. The accretion of the planetesimal 
occurs over a specific time-span with an initial ice to dust 
mass fraction of 0 to 0.3. The presence of ice in the asteroid 
eventually produces aqueous alteration subsequent to the 
melting of ice at ~273 K. The planetesimal can also loose 
substantial amount of water due to vaporization at ~373 K. 
The further rise in the temperature results in sintering 
(consolidation) of the asteroid at temperature of ~700 K. The 
melting is initiated at 1,213 K and 1,450 K in the case of 
metallic Fe-Ni and bulk silicate, respectively. The thermal 
metamorphism occurs in case the asteroid acquires 
comparatively low final temperatures. 


Volume -Z, Issue-l, January Z012 


Convectivemagma 


Un-sintered accretion of 
Rock ¢ Ice (250-273 K) 


a Ice melting (273 K) 


Vaporization of water (373 K) 


[J Sintering (~ 700 K) 
ven 


Iron core 


Accretion & Sintering 


Crystallization 
Figure 3. The algorithm of the simulations associated with 
the planetary differentiation, subsequent to the thermal 
evolution presented in Fig. 2, in case the planetesimal 
undergoes substantial melting. Subsequent to bulk silicate 
melting, the metallic Fe-Ni melt plumes in the various 
regions of the planetesimal move towards the center of the 
asteroid. The replaced silicate melts and un-melt pockets 
moves in an upward direction due to buoyancy to form a 
mantle of convective silicate Magma Ocean. The 
convective magma ocean eventually cools. The residual 
melts subsequent to the crystallization in the cooling 
magma ocean provides the source of basalts as in the case 
of the differentiated asteroid Vesta 4. 


alteration (Sahijpal and Gupta 2011) have to be 
parametrically incorporated to perform the numerical 
simulations in a realistic manner. The details of these 
simulations can be found in the refereed literature. Here, 
we briefly present the schematic representation of our 
numerical simulation in Fig. 2 and Fig. 3. Since the 
thermal processes experienced by asteroids can range 
from aqueous alteration to thermal metamorphism and 
planetary scale differentiation, we take the case study of 
a single model in the present work to demonstrate the 
three wide-ranging processes. It should be noted that 
recently there have been suggestions that some of the 
pristine un-melted chondrites might have evolved on the 
crust of asteroids that were partially differentiated 
internally into iron core and silicate mantle (Sahijpal and 
Gupta 2011). Hence, we consider asteroids that accreted 
with varied amounts of ice during their accretion (Fig. 2 
and Fig. 3). The melting of ice could have led to aqueous 
alteration in the models with substantial amount of ice. 
The further rise in the temperature could lead to either 
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thermal metamorphism (Fig. 2), or even large scale 
melting and differentiation (Fig. 3). 


The results obtained from the numerical simulations of 
the thermal processing of asteroids explain the diversity 
of the meteorites in terms of aqueous alteration (Sahijpal 
and Gupta 2011) and planetary differentiation processes 
(Sahijpal et al. 2007; Gupta and Sahijpal 2010) within the 
time frame as inferred from the various Chronological 
studies. 
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Comets — a probe to understand early solar 
nebula 


Comets are special members of the family of small bodies 
of our solar system. There is now little doubt that they are 
most primitive and least evolved constituent and have 
witnessed the formation of solar system. Progress in 
observational astronomy and in-situ analysis enabled us 
to compare cometary grains with interstellar dust. It turns 
out that comets resemble dirty snowballs - a concoction 
of ices and dust. Heated by the Sun, when they come 
closer, huge dust and gas inseminate the interplanetary 
space with astonishingly complex organics. A brief 
description on comets and the present understanding on 
cometary dust are highlighted below. 

Home of Comets in Solar System: Since comets are 
found to contain water ice and frozen gases, they must 
originate in the outer part of the solar system which is 
much colder than the relatively warm inner solar system. 
In 1950, the Dutch astronomer Jan Hendrik Oort 
predicted the existence of a vast cloud of comets orbiting 
billions of kilometers from the Sun - perhaps 50,000 
astronomical units (AU) away from the Sun (1 AU ~ 150 
million kilometer). Since then this region is known as the 
Oort Cloud. 


Figure 1. Picture of comet Hale-Bopp taken from Mt. Abu 
observatory using an SLR camera fixed on a tripod. Comet 
is seen in the western sky. On the left side 1.2m telescope 
building is seen. 


A year later, the Dutch-born American astronomer Gerard 
Kuiper pointed out that there should be comet-like objects 
remaining in the outer planetary region after the solar 
system formation process was complete and suggested 
the existence of a belt of dormant comets lying just 
outside the orbits of the planets at perhaps 30 to 100 AU 
from the Sun which is now known as the Kuiper Belt. 
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The Kuiper Belt is considered to be the source of 
relatively short orbital period comets. Close encounters 
with other dormant comets sometimes change their orbits 
so that they are diverted toward the Sun. Their orbits are 
influenced by the gravities of the giant outer planets - 
Neptune, Uranus, Saturn and Jupiter. On the other hand 
Oort cloud is considered the home of long-period comets. 
They are supposed to be deflected from their orbits by 
any one of several influences -- the gravitational pull of a 
passing star or giant molecular cloud, or tidal forces of 
the Milky Way Galaxy. 


The big question is "Where did the Oort Cloud and 
Kuiper Belt come from?" The current belief is that the 
material in the outer solar system around the orbits of 
Uranus and Neptune and beyond condensed to form 
comets. Gravitational effects from those giant planets 
flung some of the comets outward to the Oort cloud, 
while the comets in the Kuiper Belt may have remained 
there. 


Comets that have made several visits to the Sun loose 
nearly all of their volatile ices and dust and might 
resemble small asteroids. Such comets are also known as 
extinct comets. Asteroids are thought to have formed 
inside the orbit of Jupiter rather than the outer solar 
system, i.e. in a different environment. The discovery of 
main belt comets and active centaurs has blurred the 
distinction between the asteroids and comets. 


Comet Morphology: Comet structures are diverse and 
very dynamic. When comets are near the Sun and active, 
they have several distinct parts: 


Nucleus: relatively solid and stable, mostly ice and gas 
with a small amount of dust and other solids; 


Coma: dense cloud of water, carbon dioxide and other 
neutral gases sublimed from the nucleus; 


Hydrogen cloud: huge (millions of km in diameter) but 
very sparse of neutral hydrogen; 


Dust tail: up to 10 million km long composed of smoke- 
sized dust particles driven off the nucleus by 
escaping gases; this is the most prominent part of a comet 
to the unaided eye; 


Ton tail: as much as several hundred million km long 


composed of plasma and laced with rays and 


streamers caused by interactions with the solar wind. 
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When far off from the sun (beyond Jupiter), the nucleus is 
frozen and can be seen only by reflected sunlight. 
However, when a coma develops, dust reflects still more 
sunlight, and gas in the coma absorbs UV radiation and 
begins to fluoresce. As the comet absorbs UV light, 
chemical processes release Hydrogen, which escapes the 
comet's gravity, and forms a hydrogen envelope. The 
hydrogen envelop can be seen by spacecraft. A fraction of 
the gas molecules in the coma are ionized by the solar 
UV radiation and pressure from the solar wind pulls the 
coma's ions out into a long nearly straight tail, which may 
extend more than 100 million kilometers into space. 
Relatively massive dust tails are accelerated slowly and 
tend to be curved. Figure 1, the picture of Comet Hale- 
Bopp, shows two distinct tails — the thin blue plasma tail 
made of gases and the broad white tail made of 
microscopic dust particles. An interplanetary dust particle 
(IDP) shown in Figure 2 might represent cometary dust 
particle. Changes in the flow of the solar wind can cause 
disconnection events, in which the tail completely breaks 
off from the nucleus. 


Figure 2: A chondritic IDP — representing cometary dust 
particle. 


Size Distribution of Comet Nuclei : Recently Meech, 
Hainaut and Marsden(2004 Icarus) have attempted to find 
the size distribution of cometary nuclei using the Wide 
Field Camera on HST and the Low Resolution 
Spectrograph on the Keck II telescope to image 21 distant 
dynamically new, long-period and short period Jupiter 
family comet nuclei when they were near aphelion. The 
short period comets range between 0.34 - 15.4 km while 
the long period comets were found in the range 4.0 - 56 
km. Comet Hale-Bopp was a large comet (size ~ 40km ), 
about four times larger than the comet Halley in 1986. 


Why study comets? Residing at the farthest reaches of 
the Sun's influence, comets have undergone negligible 
change compared to the inner solar system objects so they 
retain, largely unchanged, the original composition of 
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solar system materials. As the preserved building blocks 
of the outer solar system, comets, therefore, offer clues to 
the physical conditions and the chemical make-up of the 
material from which the planets formed some 4.6 billion 
years ago. 


While comets might be a likely source for life's building 
blocks, they have also played a devastating role in 
altering life on our planet. A comet or asteroid is credited 
as the likely source of the impact that changed Earth's 
climate, wiped out the dinosaurs and gave rise to the age 
of mammals 65 million years ago. 


Composition: In mid-1800s, scientists also began to turn 
their attention to the question of comet's composition. 
Astronomers noted that several major meteor showers 
took place when Earth passed through the known orbits 
of comets, leading them to conclude that the objects are 
clumps of dust or sand. By the early 20th century, 
astronomers studied comets using the technique of 
spectroscopy to reveal the chemical makeup of the object 
and concluded that comets contain gases and molecular 
ions in addition to the grains of dust. 


In 1950, the American astronomer Fred L. Whipple 
proposed the "dirty snowball" model of the cometary 
nucleus. This model, widely adopted, pictures the nucleus 
as a mixture of dark organic material, rocky grains and 
water ice. The nucleus of comets may be fragile, a 
conclusion supported by the observation of comet's 
splitting apart. The most spectacular example is 
Shoemaker-Levy 9 observed in 1992. Fragmentation of 
some other comets has also been seen, supporting the 
view that comets are loosely bound regoliths. As comets 
are relatively small bodies, their gravitational inward pull 
is week. Comets passing close-by the giant’s planets or 
the Sun might experience large tidal force which might 
pull it apart. Jupiter's tidal force was responsible for the 
disruption of comet Shoemaker-Levy 9 breaking it in 
several pieces which finally plunged into the Jupiter. 
Comets are also suspected of splitting due to thermal 
stress, internal gas pressure, or impact (eg the case of 
comet 17P/Holmes). 


Space Missions to Explore Comets: During the 1986 
apparition of comet Halley, it became the first comet to 
be observed in detail by several space missions, providing 


the first observational data on the structure of a comet 
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nucleus and the mechanism of coma and tail formation. 
These observations supported a number of longstanding 
hypotheses about comet construction and vindicated 
Whipple's "dirty snowball" model. However, there are 
several new findings. 


Images taken by Giotto showed Halley's nucleus to be a 
dark peanut-shaped body, 15 km long, 7 km to 10 km 
wide. Only 10 % of the surface was active. The ejected 
material consisted of (by volume) 80% water, 10% 
carbon monoxide, 2.5% a mix of methane and ammonia. 
Other hydrocarbons, iron, and sodium were detected in 
trace amounts. The nucleus's surface was rough and of a 
porous quality, with the density of the whole nucleus 
being as low as 0.3g/cm (expected error bars could be 
large). 


The dust particles were found to be primarily a mixture of 
carbon-hydrogen-oxygen-nitrogen (CHON) compounds 
common in the outer Solar System, and silicates, such as 
are found in terrestrial rocks. The dust particles decreased 
in size down to the limits of detection (0.001 micron). 
The D/H ratio in the water released by Halley was 
initially thought to be similar to that found in Earth's 
ocean water, suggesting that Halley-type comets may 
have delivered water to Earth in the distant past. 
Subsequent observations showed Halley's D/H ratio to be 
much higher than that found in the Earth's oceans, making 
such comets unlikely sources for Earth's water. 


After Halley rendezvous, a few more space missions have 
been launched to explore other comets. Deep Impact 
(NASA) launched on January 12, 2005 flew by the comet 
9P/Tempel | on July 4, 2005 and released an impactor of 
weight 370 kg, made of copper and aluminium, which 
successfully crashed into the comet at a speed of ~ 10.2 
km/s. The fly-by craft collected data of the impact and 
comet. 


Stardust mission turned out to be very successful mission 
and has delivered wealth of new information on comet's 
make up. This (launched on February 7, 1999) was the 
first U.S. space mission dedicated to the exploration of a 
comet and was designed to return the cometary material 
to the Earth for the laboratory analysis. The primary goal 
of Stardust was to collect dust samples during its closest 
encounter with Comet Wild 2 on January 2004. 
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Why Comet Wild 2? Wild 2 came close to the Earth for 
the first time in 1974, when the power of Jupiter's gravity 
changed its orbit. It now travels much closer to the Sun, 
between Jupiter and the Earth. By the time Stardust 
encountered it, Comet Wild 2 had made only five visits 
around the Sun hence it material is not altered much from 
its original condition. This is important because comets 
are made up of material left over from the solar nebula 
after the planets were formed. Comet Wild 2 should 
contain much of this ancient material, making it an ideal 
choice for study. Also comet Wild 2 was well placed as at 
the time of Stardust encounter the relative speed of the 
spacecraft was comparatively low to capture comet dust, 
rather than having it blow right through the collectors. 


Some findings: The analysis of the material collected by 
the Stardust resulted in many surprises. The returned 
particles, as expected, were indeed ancient building 
blocks of the solar system but the nature and origin of the 
particles was quite unexpected. Before the mission, the 
belief was that the particles collected from comet Wild 2 
would mainly be dust that formed around other stars, dust 
that was older than the Sun. Such particles are called 
stardust or pre-solar grains and this was the main reason 
why the mission was named Stardust. 


The findings of Stardust were astonishing. Instead of 
rocky materials that formed around previous generations 
of stars, most of the comet's material was found to be 
rocky matter formed inside our solar system at extremely 
high temperature. In great contrast to its ice, the rocky 
material had formed under white-hot conditions. Even 
though the comets are ancient bodies with an abundance 
of ice, the comets are a mix of materials made by 
conditions of both "fire and ice". Comet ice formed in 
cold regions beyond the planet Neptune but the rocks, 
probably the bulk of any comet's mass, formed much 
closer to the Sun in regions hot enough to evaporate 
bricks. The materials collected by Stardust do contain 
pre-solar "stardust" grains albeit very, very rare. 


Among the high temperature materials some are already 
well known components of primitive meteorites including 
chondrules and Calcium Aluminum Inclusions (CAIs). 
They are also the oldest solar system materials and are 
composed of minerals that form at the very high 


temperature. It was very exciting to find pieces of CAIs 
and chondrules in the comet. The discovery of chondrules 
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and CAIs proves that matter abundantly formed in the 
inner solar system was somehow transported to the edge 
of the young solar system (the process is not well 
understood) where comets formed. Thus apart from 
containing particles formed around other stars, the 
comet's rocks were predominantly formed close to the 
Sun. Thus, these comet sample studies provide a direct 
look at the nature and origin of the building blocks of 
planets, materials that were sprayed all over the young 
solar system and must have been incorporated into all 
planets and moons. 


Another surprise from the 2004 comet flyby came when 
the space-craft flew through the dust escaping the comet. 
Contrary to the believe that the impact rate of particles on 
the spacecraft would increase with time, reach a peak, and 
then decline as space-craft flyby the comet nucleus, the 
impact rate changed in spurts, probably caused by 
entering and exiting "jets" of dust flowing off the nucleus 
and also the breakup of "cometary dirt clods" as they 
drifted away from the nucleus and lost ice that had served 
as glue to hold them together. 


There are many other surprises, but in in this article only 
the issues related to dust are mentioned. 

Another interesting mission is Rosetta (ESA Mission to 
chase comet) which is the first mission to undertake the 
long-term exploration of a comet at close quarters. It was 
launched on March 2, 2004 to investigate Comet 
67P/Churyumov-Gerasimenko and comprises a large 
orbiter, which is designed to operate for a decade at large 
distances from the Sun, and a small lander. Each of these 
carries a large complement of scientific experiments 
designed to complete the most detailed study of a comet 
ever attempted. After entering orbit around Comet 
67P/Churyumov-Gerasimenko in 2014, the spacecraft 
will release a small lander onto the icy nucleus, then 
spend the next two years orbiting the comet as it heads 
towards the Sun. 


We have come a long way in understanding the comets, 
yet a lot more is to be done. Comets are found to differ in 
their properties, hence there is need to explore many more 
comets. There have been limited space missions in last 
three decades to explore comets. The reason is high cost 
and long lead time to plan space based experiment. 
Certainly more such experiments are required. Surely 
Rosetta mission will fulfil many goals. Ground based 
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study together with space missions are crucial to go 
further in understanding the comets and the formative 
conditions of the solar nebula. 


Work done at PRL: We studied several comets from Mt 
Abu observatory using photo-polarimetric observations. 
Apparition of the periodic comet Halley in 1986 
generated a lot of interest in scientific community and 
several experiments (ground based and space based) were 
planned by various researchers across the globe. 

We initiated polarimetric study on comet Halley. Since 
then we studied several bright comets and results are 
published in various journals. One of the most notable 
comets in recent past was comet Hale-Bopp. We made 
extensive polarization observations on this comet 
covering a wide range in phase angle. An interesting 
finding is that the dust particles in Hale-Bopp were much 
smaller (higher polariztion values as is indicated in Fig 3) 
than those found in other comets. Several other bright 
comets (eg comets C/2001 Q4 (NEAT), 17P/Holmes, 
C/2007 N3 (Lulin)) were studied in recent years. 


Polarization-Phase curve for Comets 
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Figure 3: Polarization-phase curve of comet Hale-Bopp (red 


dots) and all other comets (green dots) for which polarization 
data is available in THW continuum band at 6840A. 


Further Reading 
1. Science vol 314, 2006 
2. Comets — Wikipedia 
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X-ray Imagi ndroid [XL 


Abstract: XIA (shyah), the X-ray Imaging Android, is 
the latest instrument from the SIX (Spectral and Imaging 
studies in hard X-rays) laboratory of TIFR. It is a 
compact low-power and light-weight X-ray spectrometer, 
which can provide high quality spectroscopic mapping of 
the moon and other planetary objects. The unit consists of 
a high throughput LaBr; spectrometer, which is capable 
of performing X-ray fluorescence spectroscopy both in 
the high energy X-ray and Gamma ray region. The 
instrument can also be used as a standalone instrument 
for the observation of galactic and extra-galactic X-ray 
sources in the 3-800 keV band. High detection efficiency 
and a high energy resolution of the detector can provide 
measurements of major rock-forming elements 1.e. O, Fe, 
Ti, Al, Si, Mg, and Ca and trace elements such as U, Th, 
and K with long-lived radioactive isotopes. 


Introduction: X-ray fluorescence spectra (XFS) from 
planetary surfaces; provide information on the physical 
properties of the planetary regolith, the density structure 
of the upper layers and their characteristic properties such 
as particle size etc. In situ XFS using excitation radiation 
from a radioactive source, for geochemical analysis 
provide absolute elemental abundances at cm-scale and 
have been carried out on several lander missions e.g. 
Mars exploration rovers. The remote sensing of the 
planetary surfaces on-board orbiting missions is capable 
of providing the elemental ratios and the global mapping 
of the source. Earth like rocky planetary bodies in the 
inner solar system and several satellites of the outer solar 
systems dominate in non-volatile compounds and show 
Earth like rock-forming minerals like metal oxides, 
sulphates and carbonates. Several of the icy bodies may 
also have the buried rocky nucleus apart from the torus of 
crystalline gases. 


The photon energies in the large solar flares can ionize 
elements with Z< 20, in the surface layers of the planets 
and thus lead to fluorescence emission in the low energy 
X-ray region below 10 keV. However, in the intense high 
energy flares it is possible to detect heavier elements such 
as Ca, Ti, V, Cr, Mn, Co, K, P and Na (Prettyman et al. 
2002). 


The interaction of the solar neutron and proton flux into 
the deep planetary surface layers leads to photon emission 
in the hard X-ray region and gamma ray region. A 
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summary of gamma ray lines emission in (n,p) reaction 
along with Ka, X-ray emission for few sample elements 
is shown in Table I. It is clearly seen from the table that 
in the case of lighter elements below Iron, the Ka 
emission energy is less than 5 keV, while the nuclear 
reactions lead to gamma emission in the MeV range. 


Element | Ka emission Gamma emission 
energy energy in n,p inelastic 
(keV) reactions 

(keV) 

Fe-56 5.9 846.7 

Al-27 1.486 1014.4, 2210.4 

Mg-24 1.253 1368.6 

Ca-40 3.688 1460.8 

S1-28 1.739 1778.8 

Pb-208 | 72.8 2614.6 


Table I: Expected photon emission from different elements 


The gamma ray flux will be much higher as the high 
energy photons will also emerge from the deeper layers 
of the planetary surface due to their large interaction 
mean-free path. Therefore, a comparison of the X-ray 
spectral features across the Moon or any planetary 
surface, in a global mapping will help us to identify 
spatial extent and variability of different elements as well 
as the crust properties. 


Instrument: XIA laboratory unit consists of an X-ray 
telescope made up of scintillation detectors with a 
geometric area of 44 cm’ having a passive shield. An 
active plastic scintillator shield for charged particles 
rejection along with a phoswich detector assembly can 
also be used. The instrument is shown in Fig. | and the 
parameters are listed in Table II. 


Detector type LaBr;(Ce) 76 x 10 mm 
Area 44cm* 
Detection efficiency | 100%@5 keV and 
60% @ 660 keV 
Energy resolution 45%@ 5 keV and 
6% @ 660 keV 
Field of view 4.5° x 4.5° 
Weight 2.6 kg. 
Operating voltage +6V 
Power 2.5 W 


Table II: Physical parameters of the Lab. Model 
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The detector module in XIA consists of a 76 mm dia. and 
10 mm thick LaBr3; (Ce) crystal. This new detector is 
latest in the family of scintillation counters and provides 
much superior energy resolution compared with 
traditionally used Nal(Tl) detectors. With a higher 
density of 5.07 gm/cc compared to Nal (3.67 
gm/cc),LaBr; also affords a much higher detection 
efficiency for high energy photons. A 0.22 mm thick 
beryllium entrance window for the present detector 
corresponds to an energy cut-off to ~3 keV. In order to 
make a compact geometry, unlike commercial modules, 
the XIA detector is viewed by 4 low profile metal 
package 25x25 mm PM tubes, connected to two micro- 
miniature high voltage DC-DC converters. This 
arrangement also provides redundancy in the system 
apart from keeping the detector assembly to be compact 

profile. In the present system we have used a single 

crystal however the mechanical design is versatile and 
the detector can be replaced by the LaBr3-Nal phoswich 
detector [1] which I have developed for balloon borne 
hard X-ray observations studies. Field of view of the XIA 
detector is restricted to 4.5° x 4.5° using a low profile 
Tungsten square collimator having a pitch of 1mm and 
the wall thickness of 0.1 mm. The collimator is effective 
up to 200 keV. 


Signals from all the four phototubes are summed together 
and are fed to the event processing logic which can be 
controlled using a computer. We have used a digital pulse 
processor board which is built around the 8051 
microcontroller and is highly configurable. It digitizes the 
preamplifier output signals directly, with very high 
resolution, reduced ballistic deficit and high throughput. 
It is a low power device, small in size and is consistent 
with the weight-volume-power requirements of the space 
borne instruments. The XIA assembly and some of the 
internal parts used in the construction are shown in 
Figure 1. 


Laboratory Performance: The thickness of the lab unit 
is carefully optimized for the hard x-ray and gamma ray 
energy region and the calculated effective area (Area x 
photon detection efficiency) of the lab module is shown 
in figure 2. It is seen from the figure that the detection 
efficiency is 90% up to 200 keV above which it drops 
exponentially to ~50% level at 350 keV and 25% at 1 
MeV. The advantage of using scintillation detectors in the 
high energy band is clearly apparent from these values. 
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Comparative values for the 5nm CZT detector with equal 
area are also shown in the figure. 


Energy Resolution: Since the signals from the main 
crystals are seen by four small photomultiplier tubes 
which do not cover the entire surface area, the compact 
geometry does results in a relatively lower light output 
and thus degrade the energy resolution to some extent 
compared to the best achieved in our balloon borne LaBr; 
detectors. The overall observed energy resolution 
(FWHM) is 31% at 17 keV, 25% at 30 keV,14.5% at 60 
keV and 7.5% at 357 keV for the XIA detector. The best 
energy resolution achieved in the standard lab module is 
~11% at 60 keV. 


In the figure 3 we have plotted the source spectra taken 
for the Am241 and the Bal33 radioactive source. A log- 
scale for the energy axis is purposely chosen the highlight 
the low energy response of the detector. Radioactive 
spectra for both these sources are quite complex. For 
example, Baj33 disintegrates to Cs,33 via electron capture 
and these produce a large number of X-ray and gamma 
ray lines with varying photon yield. 


Some of most prominent lines are L& K lines of Cs 3.5- 
5.7 keV (16), 30.4-35.6 keV (120) and gamma ray lines 
81 keV (33), 276 keV (7), 302 keV (18), 356 keV (62) 
and 383 keV (8). The number is bracket give the photon 
yield per100 disintegration. Similarly, the decay scheme 
of Am241 to Np 237 emits two strong gamma ray lines at 
59.6 keV and 26.3 keV with transition probability of 36% 
and 2.5% respectively. 
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The gamma emission is also accompanied with strong LX 
emission in the energy range 10-24 keV with prominent 
lines being the 13.9 keV, 16.8, 17.8 keV. These lines are 
marked with arrows in the Figure 3. Therefore, the 
appearance of observed spectra is unlike the one seen 
with Nal detectors as it is dependent on the resolving 
power of the detector. 


Discussion: It is clearly seen from the figures 2 and 3, 
XIA detector has both the required detection efficiency 
and energy resolution to observe the elemental lines from 
the planetary bodies. The instrument also meets the 
requirement of compactness, weight, and volume and 
power budget available on such missions. 


Effective area for XIA detector 
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Figure 2. Effective area vs. Energy. 


Figure 1 (i) XIA assembly (ii) Schematic of the detector-phototube set up (iii) LaBr3 detector (iv) 
Collimator (v) Detector mount with collimator (vi) Photo-tube assembly with DC-DC converter and LV 


power system (vii) Digital signal processor. 


18 
Back to Contents 


However, the design and optimization of the spectrometer 
using LaBr;crystal must be done with great care because 
the fast and intense light pulses from the detector can 
cause non-linearity in the photomultiplier for high energy 
gamma-rays. Similarly, the detector background also 
affected by the intrinsic radioactivity in LaBr;: Ce and 
which is due to the decay of radioactive “La, which 
comprises 0.09% of naturally occurring lanthanum and a 
large internal alpha contamination may also resulting 
from the decay of 7c. Therefore, the background 
spectrum of a single crystal spectrometer is dominated by 
several dominant lines at 789 and 1436 keV, a broad 
triple peaked component between 1.7 and 2.7 MeV and 
an extremely large peak at 30 keV due to '*La X-rays 
along with their Compton scattered flux. 


Spectal response of XIA 
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Figure 3 Spectral response of XIA detector for Ba-133 
(green) and Am241 (dark red) radioactive sources. Arrows 
marked in the figure represent the prominent lines 
expected from respective source. 


An intensity of 0.64 c/cm*.sec for the 789 keV line and 
0.93 c/em’.sec for the 1436 keV line has been reported. In 
large crystals, the observed spectra are very complex as 
several other line features (236,256 keV from ~’Th, 269 
keV from oe Ra. 217 keV from 7'°Rn other lines from 
Na, “Na and “°K) are seen in various samples. The 


Figure 4. LaBr3-Nal phoswich assembly. 
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activation tests for induced radioactivity due to alpha 
decay are measured to be 0.45c/cm’.sec. This background 
will ultimately decide the absolute limitation of the 
detector as a spectrometer for astrophysical observations 
(see Manchanda 2011 therein). 
Radioactive decay of '“La proceeds in two channels. In 
67% of the cases an EC leads to ‘Ba resulting in 
simultaneous emission of 1436 keV gamma ray and 32 
keV X-ray photon while in 33% cases the disintegration 
proceed to '*Ce by electron emission (B) leading to 


and references 


gamma ray emission at 746 keV and B ray up to 255 
keV. In order to decrease the internal background and 
suppress the 30 keV line seen in the LaBr3 spectrum, I 
have designed a Phoswich geometry using LaBr3 and 
Nal(TI) crystals. 


An optimized phoswich 3” diameter detector made using 
12 mm thick LaBr;: Ce and a 25 mm thick Nal(T1) with a 
Be window fabricated by M/S St. Gobain is shown in 
Figure 4. Laboratory tests showed _ significant 
improvement over the earlier used single crystal detector. 
A pulse shape discriminator circuit was used to gate the 
main detector. The analysis of the detector signal, 
showed a reduction in general background and ~ 30% 
reduction in the X-ray peak due to internal activity 


around 30 keV (Mazumdar et al. 2010). 


The background spectrum recorded in the Phoswich 
detector without any external gamma ray source In 
shown in Figure 5a. The region near to 30 keV is shown 
in the inset. It is clearly seen from the figure that total 
spectrum which is mainly due to internal radioactivity, as 
discussed above and the background radiation in the 
laboratory surrounding the detector and is dominated by 
several lines. When pulse shape discrimination is applied 
and used as an anti gate as plotted in Figure 5b, there is 
general improved by about ~30%in the total counting rate 
in the energy band up to 2.5 MeV Improvement is more 
significant for energies below 1 MeV. Similarly, there is 
also decrease in the intensity of 30 keV peak due to 
internal radioactivity by about 40% (Mazumdar et al. 
2010). 


In summary, XIA is suitable for making X-ray and 
gamma ray mapping of moon and planetary bodies. 
Lanthanum Bromide detector used in XIA has several 
advantages over conventional room temperature detectors 
i.e. higher density, high atomic number, high light yield, 
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Figure 5. (a) Back ground spectrum of Phoswich LaBr3 detector (b) with 
pulse shape discrimination (Mazumdar et al. 2010). 


and fast decay time, as and superior energy resolution. 
Single crystal detector used in XIA can be replaced by the 
Phoswich module. Pulse shape discrimination can result 
in improved background rejection efficiency. For a solid 
angle Q < 0.1$ ( FOV 10° or less), most dominant 
contribution in the detector background above 30 keV 


is due to Compton scattering by the high energy photons Contact: +91-22- 2278 2403 /2618 


which enter through the aperture and those which 
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penetrate the detector shield. Phoswich 
geometry also provides an efficient anti- 
coincidence against such events. Modular 
collimator used in Xia, also provides 
flexibility of increasing or decreasing the 
field of view of the detectors. 


Even in the absence of an incident signal, 
any detector and its associated measuring 
system does give a background signal in the 
form of number of detected pulses, say N 
per sec. In practice, the detector background 
consists of (i) Internal background of the 
detector and the unfiltered electronics noise. 
(ii) Induced background due to interaction 
of cosmic rays in the detector and its 
surroundings. (iii) Diffused cosmic X-ray 
flux and (iv) background X-rays flux 


produced in the surrounding material. 


The measure of the True signal therefore, 
depends on the overall sensitivity defined by 
effective area and exposure time. It is 
proposed to derive these parameters from 
the balloon flight of a Phoswich detector as 
well as the background simulation using 
GEANT4. 


It is a pleasure to thank Mrs. N. Kamble, 
Mr. P. Madhwani, Mr. T.K Manojkumar, 
Mr. J. P. Koyande and Mr. B. G. Bagade, 
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Chandrayaan—1 (One more step....One more giant leap) "2 


22™ October, 2008 was a big day, a day which got 
registered as a golden chapter in the history book of 
: Indian space science. Chandrayaaan-1 
was launched at 6:30 am IST, from 
Satish Space 
Shriharikota. Each day of its journey 
added a new dimension to its success 


Dhavan Center, 


and on the 8" of November it entered 
the lunar’ orbit. With every 
achievement, India felt proud and 
Scientists sang along, aao tumhey 
chand pey le jaayen. 


Moon, our nearest neighbor, for centuries has instigated 
all the emotional gestures in human beings. Some looked 
at it with awe and worshipped it. For some, its beauty 
evoked romanticism, still others wrote verses on it. There 
were a curious few who observed its motion and phases, 
relating them with certain periodicity of earth. As a result, 
ancient lunar calendars were developed. Several activities 
like eclipses and tides were also ascertained with the 
revolution of moon around the earth. The inquisitive 
nature of man has thus turned his steps towards 
understanding moon slowly and steadily. He has evolved 
from designing lunar calendars to setting step on the 
moon. 


Modern lunar exploration history can be divided into two 
time periods, the twentieth century and the twenty first 
century. Space exploration program was triggered off in 
the mid twentieth century [1960s], which included 
orbiting, landing and fly by of unmanned mission, with a 
final breakthrough in 1969 when man set his footprint on 
the surface of moon. In this era lunar exploration 
remained confined to the countries like erstwhile USSR 
and USA. Data from two important orbiters sent by USA, 
the Clementine in 1994 and Lunar Prospector in 1998 
confirmed that there was lot more to demystify in the 
moon. Several questions regarding the origin and 
evolution of the moon, our nearest neighbor, still remain 
to be answered. This elicited a new vigor in the future of 
space exploration. 


The successive era saw the expansion of space science in 
several other countries resulting in many more lunar 


probing missions. In the commencement of the twenty 
first century, in 2003-4, first mission sent on the moon 
was from European Space Agency [ESA], which was 
named SMART-1. Second expedition was from Japan 
named Kaguya (Selene) in September 2007. China did 
not remain behind in sending its mission Chang’E in 
October, 2007. The year 2008 marked the rendezvous of 
India with the moon, through its lunar mission. 


Chandrayaan-I. 

Chandrayaan-1 was not only a mission but it redefined 
the history of space science in 
India, giving a glorious vision 
to the outside world. 
Chandrayaan-1 was conceived 
keeping in mind its probable 
role in strengthening lunar 
science and was designed to 
execute the 
objectives: 


following 


1. Preparing a 3-D topographical map and mineralogical 
map of the moon. 

2. Chemical mapping using X-ray fluorescence and y-ray 
spectroscopy. 

3. Search of potential sites for water. 


Accordingly, Chandrayaan-1 was fashioned as a polar 
lunar orbiter cuboidal in shape (approx. 1.50 m side), 
meant to survey the Moon from an altitude of ~ 100 kms. 
It was equipped with state of the art 
remote sensing devices, much more 
sophisticated and _ technologically 
advanced, as compared to the 
previous missions to Moon. Thus, 
they were capable of providing 
accurate high resolution data in the 
visible, Infrared, X- ray and gamma 
ray regions of electromagnetic 
spectrum. The space horse PSLV-XL was used to launch 


Chandrayaan-1. 
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Chandrayaan—1 (One more step....One more giant leap) 


Payloads: There were eleven payloads in the lunar craft. 
Six of them were indigenous and remaining five was 
either international guest payloads or made in 
collaboration with Indian counterparts. 

Indian Payloads: 


Terrain Mapping 
Camera (TMC): A 
panchromatic stereo 


Hyper Spectral Imager 
(HySI: An _ imaging 
spectrometer having 
spectral range 400-950 
nm, a spectral resolution 


camera having 5 m 
spatial resolution. 
of 15 nm and a spatial 
resolution of 80 m. 


High Energy X-Ray 


Spectrometer (HEX): To 
measure concentration of 


Lunar Laser Ranging 
Instrument (LLRI): To 
measure altitude of the 
spacecraft from the 
lunar surface at a height 


radioactive elements at a 
spatial resolution of 33 km. 
resolution of ~5 m. 


Moon Impact Probe (MIP): 
As piggyback on the main 
orbiter of the Chandrayaan - 1 
spacecraft, which has impact- 
ed on the surface of the moon. 


AO Foreign Payloads and Payloads Realized with 
Indian Collaboration: 


Near Infrared 
Spectrometer (SIR-2) 
[ESA]: A point spect- 
rometer working in 900 
— 2400 nm and having 
a very high spectral 
resolution of 6 nm and 
a - spot size of 80 m. 


(C1XS) [ESA+ ISRO Col.]: 
A low energy (1 -10 keV) X 
ray spectrometer to detect 
fluorescence X-rays 
emanating from _—_ lunar 
surface to estimate Mg, Al, 
Si, Ca, Ti and Fe. 
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Sub keV Atom Reflecting 
Analyser (SARA) [ESA+ 
ISRO Col.]: A solar wind 
monitor for detection of solar 
wind sputtered low energy 
(10 eV- 2keV) neutral atoms 
from the lunar surface and an 


Mini-Synthetic 
Aperture Radar Mini- 
SAR) [NASA]: A SAR 
system (pixel resolution 
of 150 m and 8 km 
swath) operating at 2.5 
GHz to probe 
permanently shadowed 
areas near lunar poles. 


ion mass analyzer for finding 
mass and energy of the 


incident solar wind ions 


Moon Mineralogy 
Mapper (M3) [NASA]: 
An imaging 
spectrometer working in 
400 — 3000 nm _ for 
mineralogical mapping 
of the lunar surface. 


Radiation Dose Monitor 
(RADOM) [BSA]: A 
silicon detector to 
measure the energy 
deposited from solar and 
primary and 
secondary particles. 


galactic 


Mission Control: 


Power backup in the lunar craft was provided by solar 
arrays. During eclipses, power generation was supported 
by Lithium ion batteries. The ground segment, a 
regulatory entity comprises of three basic infrastructural 
units. These include Deep Space Network DSN), 
Spacecraft Control Center (SCC) and Indian Space 
Science Data Center (ISSDC). These were specifically 
designed to support Chandrayaan-1 and other upcoming 
planetary missions of ISRO. The Telemetry, Tracking 
and command were communicated 
through S-band frequency and the data 
was received from the lunar craft in the 
X-band frequency. For these purpose, 
two antennae measuring 18m and 32m, 
have been set at ISRO tracking centre at Byalalu, near 
Bangalore. 
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MISSION STORY 
Chandrayaan—1 (One more step....One more giant leap) 


Key Discoveries: 


The following important discoveries have been made 
from the analysis of Chandrayaan — | data till date. 


1. Ubiquitous presence of H,O/OH in the lunar soil, 
possibly, produced by solar wind interaction with lunar 
surface. [Pieters C.M. et al., Science, 326, 2009] 


2. Melt ponds on the central peak of Tycho crater, 
possibly formed due to late stage volcanic activity. 
[Chauhan P. et al., LPSC, 1341, 2011] 


3. New rock type, a Mg — Spinel dominated lithology 
with negligible pyroxene or olivine found on the 
Moon. [Pieters C.M. et al., JGR, 116, 2011] 


4. An un-collapsed lava tube in the Oceanus 
Procellarum, a plausible destination for future human 
exploration. [Arya A.S. et al., Current Science, 100, 
2011] 


5. Detection of water vapor in the tenuous lunar 
environment by the CHASE (Chandra’s Altitudinal 
Composition Explorer) onboard MIP. [Shridharan R. et 
al., PSS, 58, 2010] 


6. Distinct highland inferred from 
simultaneous direct derivation of concentration of 5 major 
elements (Fe, Ca, Si , Al and Mg) at a scale of 50 km 
using C1XS. [Narendranath S. et al., ICARUS, 214, 


2011] 


composition 


7. Discovery of a mini- magnetosphere over a magnetic 
anomaly on Moon, from SARA [Wieser M. et al., GRL, 
37, 2010] 


8. A very high rate, up to ~ 20% of the solar wind protons 
incident on the lunar surface are reflected back in space as 
neutral hydrogen atoms. [Wieser M. et al., PSS, 57, 2009] 


Chandrayaan-1 has acted as a perfect ambassador to 
‘market’ space science among youths. Its success defines 
a milestone in the upliftment of science and technology, 
by creating a genuine fervor in the public. A slogan raised 
by our former prime minister Shree Atal Bihari Bajpayee 
seems apt to be quoted here, i.e. “Jai Jawan, Jai Kisaan, 
Jai Vigyaan”’. Amidst the euphoria of celebrating 
Chandrayaan-1 mission, dreams of setting an abode on 
the moon has started brewing up inside several ‘ignited’ 
minds. Looking at the trajectory adopted by lunar 
research, achieving it does not seem unfeasible. 
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Cassini’s closest encounter with Enceladus and Dione 


Cassini acquired the first-ever detailed radar images of 
Enceladus during its closest approach of about 500 km. 
These observations will enable to determine the physical 
properties of the Saturn’s moon. On Dec. 12, 2011, 
NASA’s Cassini spacecraft on its way to Titan flyby had 
a closest encounter with the Saturn’s Moon Dione. 
Cassini portraited Dione along with Mimas, Epimetheus 
and Pandora — the other Saturn Moons in the background. 


MSL launched successfully, cruising to its destination 


NASA’s historic mobile laboratory on Mars, MSL has 
been launched successfully on Nov. 26, 2011. Initial data 


suggest that all the spacecraft systems are in good health 
and the probe is cruising towards its 8-month journey to 
Mars. 


Curiosity monitors space radiation 


MSL rover, Curiosity, started to monitor space radiation 
during its 8-month voyage to Mars. Curiosity uses its 
onboard instrument Radiation Assessment Detector 
(RAD) to monitor high-energy particles from the sun, 
distant supernovas and other sources. 


Phobos-Grunt fails to leave LEO 


Russian sample return mission Phobos-Grunt to Phobos, 
launced on Nov. 9, 2011 got stuck Low Earth Orbit 
(LEO) due to a failure in subsequent rocket burns. 
Several attempts to recover the mission failed and the 
spacecraft seems to be breaking-off and expected to enter 
earth’s atmosphere during January 2012. 


Dawn captures first-ever closest images of VESTA 


DAWN mission captures the first-ever closest images of 
VESTA at an altitude of 210 kilometres. One of the first 
images of the framing camera onboard DAWN shows a 
detailed view of an area within the Rheasilvia basin in the 
south pole of the asteroid. 
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GRAIL ready for Orbit insertion 


All set for orbit insertion of NASA’s twins Gravity 
Recovery and Interior Laboratory (GRAIL —A & GRAIL- 
B) spacecrafts. GRAIL-A will be inserted into lunar orbit 
on Dec. 31, 2011, while the orbit insertion of GRAIL-B 
will take place on Jan. 1, 2012. 


Kepler experiences processor reset, operations resume 


Kepler spacecraft hunting for planets in the habitable 
zone had experienced a processor reset on Dec. 7, 2011. 
The reset which was identified during routine health 
check-up rebooted the flight software and drive the 
spacecraft to a safe mode like configuration. This was 
thought to have happened due to a galactic cosmic ray hit. 
However, the glitch was recovered soon and Kepler is 
back to its science operations on Dec. 9, 2011. 


MESSENGER Mission extended 


NESSENGER, the first mission to orbit mercury has been 
extended for one more year. The primary mission of 
MESSENGER ends on March 17, 2012. During its prime 
mission, MESSENGER has revealed Mercury in an 
precedented detail. The extended mission will enable 
scientists to learn more about the planet. 


Voyager 1 visits a new region 


Voyager | visits a new region, called stagnation region, 
between the inter-stellar space and our solar system. This 
region seems to be like a cosmic purgatory where solar 
wind gets calmed, magnetic field piles up and high 
energy particles from our solar system escapes out into 
inter-stellar space. 


Voyager 2 switches to Backup Thruster 


The 34-year old spacecraft Voyager 2 switches to backup 
thrusters. This switching will help the spacecraft to 
increase its lifetime and continue its journey beyond our 
solar system. 
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Highlights of the “Planetary sciences and exploration: 
7th Chandrayaan-1 Meeting and Celebration of 10 
Years of PLANEX Programme” (December 12 — 14, 
2011). The focus was on science discussions and 
payloads details, relating “Results from Chandrayaan-1”, 
“Chandrayaan-2” and “Planetary Exploration: Looking 
Ahead” and consisted of oral presentations, poster 
presentations, review talks, panel discussion and tutorial. 
Additionally, a discussion was held on 11 December 
between Carle Pieters and Co., SAC Team and PLANEX 
Remote sensing group on recent release of a more reliable 
Level 2 datasets from Moon Mineralogy Mapper (M’) 
onboard Chandrayaan-1. Also Bradley Jolliff had given a 
talk on “Non-mare silicic volcanism on the lunar farside 
at Compton—Belkovich” on 15" December. 

There were 175 registered participants that included 14 
from abroad (USA, UK, Sweeden, Germany, Japan and 
Russia), several ISRO centers and PLANEX patronized 
personnel. 

The meeting began with the welcome note by Prof. J.N. 
Goswami, Director, PRL. Prof. Bhandari delivered the 
inaugural talk on “Planetary Exploration: Looking 
Ahead” in which he reviewed the recent achievements on 
Planetary Exploration on Moon, Mars, Venus, Mercury, 
Jupiter, Saturn and their satellites. He has also presented 
his perception of future exploration programs. 

The scientific discussions are divided into three main 
topics as briefed below. 


Results from Chandrayaan-1 


Science Discussion 


Scientific breakthroughs and extent of data by M° on 
Chandrayaan-1 were discussed by | — , \ 


Carle Pieters (Brown University, : 


USA). Some of the important 
findings are Mg-rich spinels at 
Moscoviense region of the lunar 
farside, global map of H,O, lunar 
switls associated with strong 

magnetic anomalies. Prakash 

Chauhan (SAC, Ahmedabad) 

presented the compositional mapping of lunar surface 
using HySI/M?/SIR-2 datasets. Key findings include 
presence of Fe-Mg-Spinel at Theophillus central peak. 
Paul Spudis (remote talk from LPI, Houston) focused on 


the major objective of onboard Mini-SAR of Ch-1, which 
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was the detection of presence of ice and its amount in the 
polar cold traps of the moon. Mats Holstrom (SISP, 
Sweden) discussed on modeling the Moon solar wind 
interaction. This model will help us in improving the past 
thoughts developed for the Moon’s plasma environment 
from Kaguya mission and by SARA instrument onboard 
Chandrayaan-1. Megha Bhatt (MPISSR, Germany) talked 
about SIR-2 data, which was used for the first time to 
derive iron content 

of Tycho and 

Copernicus _ craters 
of the Moon surface 
utilizing 
absorption 
parameters. 


2-um 
band 


Composition of the ™ ' 

lunar crust, as recorded by fundamental geologic 
processes, was synoptically presented by Peter Isaacson 
(Univ. of Hawaii, USA). Satadru Bhattacharya (SAC, 
Ahmedabad) studied compositional variability within the 
basaltic units of Mare Serenitatis using HySI & M’ data. 
Low velocity clustered impacts by asteroids and comets 
and crater counting chronology on Moon were deciphered 
by P. Senthil Kumar (NGRI, Hyderabad). J. A. Carter 
(UK) presented new elemental maps of the nearside lunar 
highlands by the Ch-1 X-ray Spectrometer (C1 XS). The 
elemental ratios mapped were Mg/Si, Al/Si and Mg/Al. 
Results of Mini-SAR imaging radar on Ch-1 were 
presented by Shiv-Mohan (SAC, Ahmedabad). Charles 
Lue (SISP, Sweden) discussed on SW interaction and 
lunar magnetic anomalies, obtained by the Sub-keV Atom 
Reflecting Analyser (SARA). A.S. Arya (SAC, 
Ahmedabad) talked about the need to revise surface age 
in the Polar Regions using high resolution Ch-1 TMC 
data. Neeraj Srivastava (PLANEX, Ahmedabad) 
addressed a question whether the Moon is still active, 
discussing on morphological and spectral evidences in the 
Lowell crater on the far side. K.N. Kusuma (PLANEX, 
Ahmedabad) talked on Geology of Gruthuisen domes of 
the Imbrium basin on Moon. M.B. Dhanya (SPL, 
Trivendrum) talked about the study of lunar plasma wake 
by SARA experiment onboard Ch-1. Spectral analysis of 
Reiner Gamma was presented by Archana Nair (CESS, 
Trivendrum). The curvilinear shaped swirl on the surface 
of Moon exhibits compositional variation as detected by 
M®. S.S. Kundu (NESAC, Shillong) focused on mapping 


25 
Back to Contents 


of the spatial distribution of FeO to understand the 

geological history of Moon in further detail, using HySI 

image in Chandrayaan-1. 

Technical Discussion 

S. Athrey (ISAC, Bangalore) has discussed about Ch-1 

X-ray Spectrometer (C1XS). The instrument objective 

was to determine abundance of the major rock forming 

elements and their variation on the lunar surface through 

Mapping XRF spectra at a spatial resolution of 25 km x 

25 km. The instrument Ch-1 Altitude Composition 

Explorer (CHACE), narrated by T. P. Das (SPL, 

Trivandrum), was to characterize the pristine tenuous 

lunar atmosphere in terms of its neutral composition and 

density before it’s alteration by repeated lunar 

explorations. S. Vadawale (PLANEX, Ahmedabad) 

focused on Radiation Dose Monitor (RADOM) with the 

objectives to measure particle flux and absorbed dose 

rate. Stas Barabash (SISP, Sweden) presented the Sub- 

keV Atom Reflecting Analyzer (SARA). 

Outreach 
A talk on outreach activities 
was delivered by Cassandra 
Reunyon (USA). An attempt 
has been made by M°> E/PO 
program to introduce “ARTS” 
in STEM (science, technology 
engineering and/or math) and 

thereby converting to STEAM (science, technology 

engineering, arts and mathematics). A brief description 

about M? instrument onboard Ch-1, data products and the 

major discoveries were also mentioned. 

Review talks 

A review talk on lunar rock types was given by Bradley 

Jolliff (Washington Univ., USA). Starting with the 

Apollo era he showed that the clues available to decipher 

the lunar evolution. Mark Robinson (Arizona State Univ., 

USA) started with a brief mention 

of the current status of the LROC 

Camera. It was mentioned that it 

has already made several thousand 

orbits of Moon and has been 

collecting 400 GB data every day. 

Carle Pieters (Brown Univ., USA) 

made a brief on the importance and 


complexities involved in studying lunar mineralogy. It 
was argued that since the rocks are mineral mixtures, non 


Volume -Z, Issue-l, January Z012 


linear mixture modeling would be required to simulate 
the rock spectra from spectra of mineral separates. In her 
review talk Ohtake Makiko (JAXA, Japan) had given an 
overview and discussed about the results from Kaguya, 
including launching story, instrumentation, scientific 
achievements, and data archive for scientific use and 
public outreach. B. Bussey (remote talk from JHU, USA) 
narrated Mini-RF on  LRO. 

Approximately two-third of the 

lunar surface was mapped using this 

instrument. I. Mitrofanov (Federal 4 

Space Agency, Russia) presented on 

explaining the objectives of Lunar 

Exploration Neutron Detector 

(LEND) on LRO. The 

measurements of this instrument will enable high 
resolution studies of neutron emission from the Moon, 
mapping of hydrogen content over the entire surface of 
Moon, and testing the presence of water-ice deposits 
within permanent shadow region of polar craters. 


Chandrayaan-2 

In the opening remarks Prof. 
U.R. Rao (Chairman, ADCOS) 
talked about the instruments 
onboard Chandrayaan-2, an | 
based 

mission scheduled to be launched 

in 2013. Mini-SAR, an improved 

version of SAR, flown on 

Chndrayaan-1 is to be designed for Ch-2. The two major 
instruments on the rover will be APXS, and LIBS. On the 
backdrop of success of Ch-1, M. Annadurai (ISAC, 
Bangalore) stated that the Ch-2 mission will be 
collaboration between ISRO and the Federal Space 
Agency of Russia. He discussed about Mission Elements, 
Mission Scenario and Scientific Payloads (e.g., TMC-2, 
IIRS, SAR, CLASS, and ChASE-2). 

Chandrayaan-2 Payloads 

This session consisted of talks on several payloads, to be 
onboard Ch-2, including Chandra’s Atmospheric 
Composition Explorer-2 (CHACE2) by Anil Bhardwaj 
(SPL, Trivendrum); Chandrayaan-2 Large Area Soft X- 
ray Spectrometer (CLASS) by V. Radhakrishna (ISAC, 
Bangalore); X-ray Solar Monitor (XSM) by Santosh 


orbiter-lander-rover 
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Vadawale (PLANEX, Ahmedabad); Imaging Infrared 
Spectrometer(IIRS) by Anish Sexana (SAC,Ahmedabad); 
Terrain Mapping Camera -2 (TMC-2) by Sampat Minal 
(SAC, Ahmedabad); Synthetic Aperture Radar (SAR) by 
Deepak Putrevu (SAC, Ahmedabad); Alpha Particle X- 
ray Spectrometer (APXS) by M. Shanmugam (PLANEX, 
Ahmedabad); and Laser Induced breakdown 
Spectroscope (LIBS) by Adwait Goswami (LEOS, 
Bangalore). The objective of CHACE-2 is to make a 
detailed and continuous study of the lunar neutral 
atmosphere and to determine its time variability from an 

orbiter platform. The objective of CLASS is to carry out 
global chemical mapping of the moon to detect 
abundance of the major, minor and trace elements. XSM 
will measure simultaneous solar X-ray spectra for 
quantitative interpretation of lunar XRF spectra detected 
by CLASS payload. The objectives of SAR are ice 
detection and quantification, radio-physical 
characterization of lunar regolith, investigation of lunar 
geological/morphological features, dielectric constant and 
surface roughness estimation, finding suitable landing 
sites in lunar polar region for future missions and 
generation of high resolution DEM and crater floor 
mapping. APXS is aimed at detecting elemental 
composition of lunar rock and soils around the landing 
site. The primary science objective of LIBS, housed 
the 
environment, is to derive the chemical composition and 
infer mineralogical composition for further understanding 


under rover body with conditioned thermal 


of lunar-surface. 


Planetary Exploration: Looking ahead 


A foreword on upcoming ISRO missions/plans was 
presented by Prof. J.N. Goswami. In order to improve our 
understanding of solar wind and its interaction with 
surface, mission ADITYA was proposed. He has also 
mentioned about recent science discussions to formulate 
objectives for a Mars mission. The emphasis will be to 
undertake experiments to understand, the most important 
aspect, “When, where and how H,O and CO; are lost?” 
Scientific experiments for Mars exploration 

In this session, some scientific investigations, focusing on 
the Mars atmosphere, using an orbiter mission are 
discussed. This session consisted of talks on Plasma and 
Current Experiment (PACE) by Rajmal Jain (PLANEX, 
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Ahmedabad); Lyman Alpha Photometer (LAP) by M. 
Viswanathan (LEOS, Bangalore); Probe for Infrared 
Spectroscopy of Mars (PRISM) by Anuj Nandi (ISAC, 
Bangalore); Methane Sensor for Mars (MSM) by Kurian 
Mathew (SAC, Ahmedabad); Thermal InfraRed imaging 
spectrometer (TIR) by Anup’ Banerjee (SAC, 
Ahmedabad); Mars Color Camera (MCC) by Manish 
Sexana (SAC, Ahmedabad); and Mars Exospheric 
Neutral Composition Analyzer (MENCA) by Anil 
Bhardwaj (SPL, Trivendrum). The objective of the PACE 
instrument is to study the escape processes in the Martian 
atmosphere which include Pick-up JIon dynamics, 
Photoelectrons, Wake beyond wake when Deimos comes 
between Mars and spacecraft and Solar wind. The 
objective of the LAP instrument is estimation of D/H 
ratio, estimation of escape flux of H, corona and 
generation of hydrogen and deuterium coronal profiles. 
The science goals of PRISM are detection of the 
absorption/emission features of atmospheric constituents, 
CO, water vapor, O) emission glow and to understand 
the spatial and temporal variability of these molecules. 
The objective of the MSM is to study the seasonal and 
spatial variations of methane from an orbiting platform in 
the Martian atmosphere which is related to geological or 
biological activities. The prime objective of the TIR is 
mapping of surface composition and mineralogy, 
understanding atmospheric dynamics. MCC has the 
objective to image Martian topography, polar ice-caps, 
dust-storms and temporal/seasonal variations. 


Poster Session 

Forty contributed papers have been displayed as posters, 
covering both science and payloads details. Instruments 
onboard Ch-1 enormously contributed in delivering 
science for better understanding of Moon’s surface and 
environment 

. “Moon has 

water” is the 

most 

remarkable 

achievement 

from 

Chandrayaa 

n-1 mission, 

which was 

detected by 
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radiogenic activity in conjunction with the surface 
topography was studied using CHACE and LLRI. 
In order to understand the mineral signatures detected by 


M> and HySI, several algorithms were prepared and 


tested to produce meaningful results from analysis. The 
geomorphology of mid-latitudes of Mars was studied in 
order to indirectly account for dynamically active 
behavior of Mars due to creep of sub-surface ice rich 
material. Radio 

studies for 
experiments 
Martian 
ionosphere are some 
other major goals that 


| occultation 
conducting 
related to 


were discussed. 
Habitability of Mars was 
also while 
addressing to the 


influence of solar radiation. Electromagnetic properties 


assessed 


have been measured in laboratory at microwave 
frequencies for lunar and Martian soil simulants. Finding 
of hydrous sulphates and Phyllosilicates on Martian 
surface have encouraged studying the terrestrial 
analogues of the Mars. 

A wide range of instrumentation facilities were displayed. 
Those were Optical design of infra-red imaging 
spectrometer for Ch-2, measuring ambient illumination 
on planetary surfaces by wireless sensor network, pulse 
shape recognition using wavelet and neural network, 
Mars radiation spectrometer (MARIS), different optical 
configurations for Methane sensor for Mars (MSM), 
compact and low power camera electronics of Terrain 
Mapping Camera on Ch-1, pre-launch characterization 
and calibration test philosophy of TMC-2 payload of Ch- 


2, Plasma Energy eXplorer (PLEX). 


Planetary Sciences 


Selected papers from PLANEX funded projects were 


presented in this session. S. Anbazhagan 
(Periyar Univ., Salem) talked on Kadavur 
structure, a possible analogue site for lunar 
highland region. T.R.K. Chetty (NGRI, 
Hyderabad) elaborated on _ geological 
history of Ovada region on Venus using 
data from Magellan SAR data of NASA, 
aiming 


to understanding origin and 
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Maya (Univ. of Pondicherry) discussed on Sm-Nd 
evidences of early chemical differentiation and resulting 
heterogeneities in earth’s mantle. Various terrestrial and 
extraterrestrial samples apparently show super-chondritic 
Sm/Nd ratio of terrestrial reservoirs. M3FETIOMAT, a 
new tool to map FeO, TiO, & optical maturity (OMAT) 
from M’, was introduced by Champati Ray (IIRS, 
Dehradun). Development of this tool to map IBD at 1000 
nm and 2000 nm and spectral absorption feature analysis 
are the key areas of ongoing work. Petrological variation 
of Martian crust was synoptically presented by Amit Basu 
(PLANEX, Ahmedabad). He attempted to reproduce the 
bulk chemical compositions of different in-situ and 
remotely sensed crustal data of exploration missions and 
most fractionated Martian meteorite. 


M? Tutorial 

This tutorial was taught by Peter Isaacson (Univ. of 
Hawaii, USA) to about 35 participants. Following points 
have been illustrated: (i) Explanation and specifications 
of M’ Instrument; (ii) PDS Dataset/File format; (iii) Data 
format and types; (iv) content of PDS Directories; (v) 
calibrating/correcting the data; and (vi) the launch of new 
M? Level 2 Data. 


Panel Discussion 

The meeting ended with a panel discussion, with J.N. 
Goswami as moderator and A. Bhardwaj, N. Bhandari, 

M. Robinson, B. Jolliff, I. Mitrofanov and S. Barabash as 
panelists. The central theme of this discussion was 
Exploration of Inner Solar System. Points deliberated 
were: (1) Why should we go to Moon? (2) Which way 
Mars can be explored? Finally, the session and the whole 
programme were concluded by J.N. Goswami seeking 
engagement from young people in planetary science and 
exploration, and giving thanks to all the participants and 
organizers of this meeting for making it a successful 


Ee physic alReseanchpley 
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“39th COSPAR Scientific Assembly” will be organized during July 14-22, 2012 at Global Education Centre, 
Mysore, Karnataka, India. The last date for submission of abstract is February 10", 2012. For more details, 


visit: - http://www.cospar-assembly.org/ 


“43rd Lunar and Planetary Science Conference” will be organized during March 19-23, 2012 at The 
Woodlands Waterway Marriott Hotel and Convention Center, The Woodlands, Texas. The last date for 
submission of abstract is January 10", 2012. For more details, 

visit: - http://www.lpi.usra.edu/meetings/Ipsc2012/ 


“Asteroids, Comets, Meteors (ACM) 2012” will be organized during May 16-20, 2012 at Niigata Convention 
Center, Niigata, Japan. The last date for submission of abstract is February 28", 2012. For more details, 
visit: - http://chiron.mtk.nao.ac.jp/ACM2012/ 


Seventeenth Cambridge workshop on “Cool Stars, Stellar System and Sun” will be organized during June 24- 
29, 2012 at Barcelona, Spain. The last date for submission of abstract is March 15", 2012. For more details, 
visit: - http://www.coolstars17.net/welcome.html 


“Postdoctoral Fellowships” of three to twelve months are available for scholars interested in conducting 
research at the “Smithsonian Astrophysical Observatory’. The last date for applying to the Smithsonian 
Institution Fellowship Program is January 15", 2012. For more details, 


visit: - http://www.si.edu/ofg/infotoapply.htm 


Notification for “PhD admissions” at Department of Earth and Planetary Sciences, Washington University, St. 
Louis. The last date for submitting the application form is January 15", 2012. For more details, 
visit: - http://eps.wustl.edu/graduate 


A two day International Symposium & Exhibition on “Misasa IV: Solar System Exploration and New 
Geosciences—Perspective for the Next Decade” will be held at Tottori, Japan on 25-26 February 2012. 
Sponsored by Okayama University and JAXA. Please see detail and updates on the website of the meeting: 
http://sympo.misasa.okayama-u.ac.jp/misasa_iv/ 


“Fifth LPI Career Development Award” is open for graduate students who have submitted a first-author 
abstract for presentation at the “43 Lunar and Planetary Science Conference’’. The last date for submission 
of application is January 13", 2012. For more details, 

visit: - http://www.lpi.usra.edu/meetings/Ipsc2012/cdaAward/ 


Lab technician/Lab Manager opening at the Isotope Geochemistry Laboratory, Department of Geology, 
University of Kansas. Duties include maintaining the TIMS, LA ICP-MS, clean room wet-chemistry, and 
preparation of samples for isotopic analysis. Furthermore, the laboratory manger is also expected to work with 
students, faculty and outside users. For the full position announcement and to apply online, go to: 
https://jobs.ku.edu and search for position 00066799. Initial review of applications will begin January 1, 2012. 


A two day meeting on Scientific Preparations for Lunar Exploration will be held at Noordwijk, The 
Netherlands on February 6-7, 2012. For more details, 
Visit: - http://(www.congrex.nl/lunarexplorationws/ 


A two day meeting on Mars Exploration Program Analysis Group (MEPAG) #25 will be held at 
Washington, DC on February 27-28, 2012. Organized by NASA. For more details, 
visit: - http://mepag.jpl.nasa.gov/ 


“National Space Science Symposium” will be organized during February 14-17, 2012 at Sri Venkateswara 
University, Tirupati, AP. Interested participants may attend the symposium. For more details, 
visit: - http://www.nsss2012.com/ 
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“After successfully completing my post —graduation degree, I started my research career as Junior Research Fellow at the 


Department of Geology, Periyar University, Salem and worked under the project, “Reflectance spectra of lunar analog 
rocks and optimization of spectral bands for lunar mapping” sponsored by PLANEX. During this period, I actively 
participated in the 6" PLANEX workshop on “Remote Sensing & Chandrayaan Mission” jointly organized by PLANEX 
and National Remote Sensing Centre, Hyderabad. Council for Scientific and Industrial Research offered Senior Research 
Fellowship, appreciating my work on “Reflectance spectra of analog rocks and processing of Clementine data for lunar 


geological mapping”. 


I joined PLANEX, Physical Research Laboratory, Ahmedabad, as Post-Doctoral Fellow on October 2010. My experience 
at PLANEX is astounding in every respect. The interactive seminar session, annual project review meeting and discussion 
with my fellow researchers revitalizes my spirit towards research and it paves a unique platform to develop ourselves. I 
had wonderful chance to interact with internationally reputed scientists and this becomes a greatest inspiration to achieve 
greater heights. In short, PLANEX is the spring board which gives me the initial momentum for my journey in research to 
explore unexplored. At present I am working on ‘Realization of lunar highland soil simulant’ to prepare a bed for rover 
testing and chandrayaan2 mission calibration funded by ISRO. My heartfelt wishes for EVER GLORIOUS PLANEX, 
PRL- A BECON for the right persons to show right direction.” 


Dr. S. Arivazhagan 

Research Associate, (CGIPS) 

Deptt of Geology, Periyar University, 
Salem — 636 O11, India 


The following members have joined PLANEX family during last year 


Dr. Amit Basu Sarbadhikari — Scientist-SD 
Dr. Dwijesh Ray — Scientist-SD 
Mr. Rishitosh Kumar Sinha — Project Associate 


Mr. Prasanna K. Mahavarkar — Project Associate 


The following members have left PLANEX during last year 


Dr. Arivazhagan S.V.— Post Doctoral Fellow 
Dr. Kusuma K.N. — Post Doctoral Fellow 

Ms Prajkta A Mane — Project Associate 

Mr. Narendra Agrawal — Project Associate 


Ms Nita Sebastian — Project Associate 
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Aryabhata: The Great Mathematician and 
Astronomer of Ancient India 
Aryabhata (476-550 AD) was the first in the line of great mathematician-astronomers from the 


classical age of Indian mathematics and Indian astronomy. In 498 AD, he stated that "Sthanam 
sthanam dasa gunam" or place to place in ten times in value, which is the origin of the modern 


decimal-based place value notation. His most spectacular contribution was the concept of zero 
with which the practical calculations on numerical methods were carried out. His most famous works are the 
ARYABHATIYA (499 AD) and the Arya-siddhanta. ARYABHATIYA contains three things: mathematics (ganita), 
the reckoning of time (ka@/akriya), and the sphere (gola). 


In Aryabhatiya Aryabhata has mentioned that he was 23 years old. This implies that he was born in 476 AD. The 
Exact information about Aryabhata’s birthplace has not been given but in BHASKARA, Aryabhata has been 
described as ““Asmakiya” (Who belongs to Asmaka Country). It has been asserted that during mid-first BC, Asmaka 
people settled in between the region of Narmada and Godavari rivers in Central India. So it is predicted that Aryabhata 
was born there in the Asmaka region of Vakataka dynasty in South India at the time of Gupta Rulers. As we know 
ARYABHATIYA was written in Kusumapura (Patliputra, Latest Patna in Bihar), it is fairly certain that he went to 
Kusumapura for advanced studies. It has been mentioned that he was the head of Institute in Kusumapura & Narmada 
University. 


Aryabhata is one of the great Indian mathematicians and scientists of ancient India. He contributed in many aspects 
towards scientific discoveries and mathematics. His contribution area includes algebra, arithmetic, sine equation and 
quadratic equation. He also discovered the value of Pi (I). He also calculated the value of circumference of earth 1.e., 
24835 miles which is close to today’s calculation of 24900 miles along with the concept of sun earth rotation, the 
cause of eclipse which contributed towards many scientific discoveries in the field of astronomy. 


In recognition of his enormous contributions to astronomy and mathematics, ARIES (Aryabhata Research Institute of 
Observational Sciences), established in Nainital in 1955 after its first establishment in Varanasi on April 20" 1954, is 
devoted to research and development in Astronomy & Astrophysics and Atmospheric Sciences. 
Aryabhata, the first Indian Satellite built by Indian Space Research Organisation (ISRO), was 
launched on April 19, 1975. The Aryabhata Award, which is named after his commemoration, is 
presented annually to an individual for outstanding lifetime contribution to the promotion of 
astronautics in India. In 1979, the lunar crater Aryabhata, located at 6.2°N, 35.1°E in eastern Mare 
=~ Tranquillitatis region of moon, was adopted by International Astronomical Union (IAU) in honor 
of his influencing contributions to the field of Astronomy. Bhaskara I, an Indian Mathematician, 
who wrote a commentary on the ARYABHATIYA, about 100 years later, wrote of Aryabhata: 
The statue of “Aryabhata is the master who, after reaching the furthest shores and plumbing the inmost depths 
Aryabhata at of the sea of ultimate knowledge of mathematics, kinematics and spherics, handed over the three 
IUCAA,Pune sciences to the learned world”. 
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